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Summary {#efs24866-sec-0001}
=======

Following a request from the European Commission, the Panel on Food Additives and Nutrient Sources added to Food (ANS) was asked to deliver a scientific opinion re‐evaluating the safety of pectin (E 440i) and amidated pectin (E 440ii) when used as food additives.

Pectin (E 440i) and amidated pectin (E 440ii) are authorised as food additives in the European Union (EU) in accordance with Annex II and Annex III to Regulation (EC) No 1333/2008 on food additives, and specific purity criteria have been defined in Commission Regulation (EU) No 231/2012. E 440 includes both pectin (E 440i) and amidated pectin (E 440ii).

Pectin (E 440i) consists of the partial methyl esters of polygalacturonic acid, while amidated pectin (E 440ii) consists of both partial methyl esters and amides of polygalacturonic acid. The Panel noted that the average molecular weight and the degree of methylation of pectins are highly variable, being their physicochemical properties, such as viscosity and gel strength, largely dependent on these parameters.

The Panel noted that pectins are natural compounds present in fruit and vegetables, the citrus peels and apple pomace being the main sources for the production of the food additive, which can be further modified enzymatically to produce pectins with different degrees of esterification or polymerisation. In addition, amidated pectins are modified forms of pectins produced by an amidation process and cannot be considered as a natural compound.

The Panel noted that according to the EU specifications for pectin (E 440i) and amidated pectin (E 440ii), impurities of the toxic elements arsenic, lead, mercury and cadmium are accepted up to concentrations of 3, 5, 1 and 1 mg/kg, respectively. Contamination at such levels could have a significant impact on the exposure to these metals, for which the exposure is already close to the health‐based guidance values or benchmark doses (lower confidence limits) established by EFSA. The Panel noted that, in June 2016, the Joint FAO/WHO Expert Committee on Food Additives (JECFA) lowered the limit for lead to 2 mg/kg for general use and 0.5 mg/kg for use in infant formula.

Data on *in vitro* degradation of pectins and amidated pectins indicated that their digestibility was low in the upper parts of the digestive tract, but they would be fermented during their passage through the large intestine. These *in vitro* data are in agreement with *in vivo* studies demonstrating the absence of degradation of pectins in germ‐free rats by comparison to conventional animals. As demonstrated in ileostomy patients, the main end products of this colonic anaerobic digestive process are short‐chain fatty acids (SCFA), such as acetic, propionic and butyric acids, which are absorbed from the colon and considered of no safety concern by the Panel. These data indicated that pectins and amidated pectins would not be absorbed intact but extensively fermented by intestinal microbiota in animals and humans.

As products formed from pectins in the gastrointestinal tract are similar to manufactured pectin‐derived acidic oligosaccharides (pAOS), in 2015, JECFA concluded that studies using pAOS were relevant for the evaluation of pectins in infant formulae. The Panel agreed with this conclusion.

The acute oral toxicity of pectin is low. Data on amidated pectin were not available, but acute oral toxicity was expected to be low, based on the structural similarity to pectin.

The oral exposure to non‐amidated and amidated pectin at a dose level up to 13,500 mg/kg body weight (bw) per day did not result in effects of toxicological relevance in a subchronic feeding study in rats. No adverse effects were detected in a subchronic drinking water study in rats at a concentration of 5% in the water, equal to 3,366 mg/kg bw per day in males and 3,916 mg/kg bw per day in females, the highest dose tested. The reduction of protein digestibility and calcium absorption was shown in a subacute feeding study in rats at a dose of 12,000 mg/kg bw per day. In a 13‐week dietary study with pAOS in F~1~ rats, according to the OECD Guideline 408 and good laboratory practice (GLP), an increased level of urinary calcium and a minimal degree of urothelial hyperplasia was observed in the 5% group (3,400 mg/kg bw per day). In an additional 13‐week study in rats with pAOS, a no‐observed‐adverse‐effect level (NOAEL) of 1,700 mg/kg bw per day was identified.

The Panel noted that, although the available *in vitro* and *in vivo* data were limited, no genotoxic activity has been observed for pectin. This conclusion was also supported by the negative results obtained with manufactured pAOS. Data on amidated pectin were not available, but considering its chemical structure and its negligible absorption, the Panel considered that there is no concern with respect to genotoxicity for amidated pectin.

A chronic dietary toxicity study in rats with pectin or amidated pectin showed no adverse effects at 10% in the diet, equivalent to 5,000 mg/kg bw per day, the highest dose tested.

Two reproductive toxicity studies and one developmental toxicity study with pectin, which were considered inadequate for risk assessment, were available. In a dietary one‐generation reproductive toxicity study with pAOS in rats, a NOAEL of 6,200 mg/kg bw per day, the highest dose tested, was identified.

The Panel considered that there is no indication that the reported immune‐modulatory properties of pectin may lead to an adverse response, the data being rather indicative of an effect which would limit the hypersensitivity response. Therefore, the Panel did not consider pectin (E 440i) and amidated pectin (E 440ii) as having an allergenic potential.

A daily dose of 36,000 mg pectin (equivalent to 515 mg/kg bw per day) for 6 weeks in humans was associated with abdominal distension and increasing flatus in some individuals, effects which were considered by the Panel as undesirable, but not adverse.

No adverse effects were noted in four studies in infants with infant formulae containing pectin and pAOS. Pectin (4 mg/kg bw per day) improved the permeability of the small intestine in young infant boys (5--12 months) with persistent diarrhoea.

The safety of pectin (high‐ester pectin extracted from citrus peel and standardised by the addition of sucrose) in a milk replacer was tested in neonatal pigs (Yorkshire‐bred, age 2 days). The NOAEL for this study was 1,049 mg/kg bw per day. Based on the data available, the Panel considered that this conclusion appeared appropriate. JECFA ([2016a](#efs24866-bib-0082){ref-type="ref"}) concluded from the data of a new piglet study that the reduced milk replacer consumption observed in both studies at a dose level of 1% pectin in milk replacer was likely due to delayed gastric emptying and/or prolonged gut transit resulting from consumption of the highly viscous 1% pectin diet. The data available from this study were not sufficient for the Panel to confirm the conclusion of JECFA.

To assess the dietary exposure to pectins (E 440) from their use as food additives, the exposure was calculated based on (1) maximum use levels provided to EFSA (defined as the maximum level exposure assessment scenario), and (2) reported use levels or analytical data (defined as the refined exposure assessment scenario, brand‐loyal and non‐brand‐loyal).

Pectins (E 440) are authorised in a wide range of foods. The Panel did identify brand loyalty to specific food categories in toddlers (e.g. flavoured fermented milk products and flavoured drinks). Further, the Panel considered that the non‐brand‐loyal scenario covering other population groups was the most appropriate and realistic scenario for risk characterisation, because it is assumed that the population would probably be exposed long‐term to the food additive present at the mean reported use level in processed food.

A maximum estimated exposure assessment scenario taking into account the food for special medical purposes for infants and young children (Food category (FC) 13.5.1. Dietary foods for infants for special medical purposes and special formulae for infants and FC 13.1.5.2 Dietary foods for babies and young children for special medical purposes as defined by Commission Directive 1999/21/EC) was also performed using food additive producers data to estimate exposure for infants and toddlers who may be on a specific diet. This exposure scenario considered products belonging to food categories 13.1.2, 13.1.3 and 13.1.4, excluding FC 13.1.1 (infant formulae), where pectins (E 440), according to the EU regulation, are not authorised. Considering that this diet is required due to specific needs, it is assumed that consumers are loyal to the food brand, therefore only the maximum brand‐loyal estimated exposure scenario was performed.

A refined estimated exposure assessment scenario taking into account the consumption of food supplements was also performed to estimate exposure for children, adolescents, adults and the elderly, for consumers only, as exposure via food supplements may deviate largely from that via food, and the number of food supplement consumers may be low depending on the population and survey.

The refined estimates were based on 23 out of 81 food categories in which pectins (E 440) are authorised. Overall, the Panel considered that the uncertainties identified would, in general, result in an overestimation of the real exposure to pectins (E 440) as food additives in European countries for the maximum level exposure scenario and for the refined exposure assessment scenarios when considering only food additive uses for which data have been provided.

However, the Panel noted that, given the information from the Mintel Global New Products Database (GNPD), it may be assumed that pectins (E 440) are used in several food categories (n = 9) for which no data have been provided by food industry. The Panel noted that out of these nine food categories, fruit juices and fruit nectars are products highly consumed. If this would be confirmed, it would therefore result in an underestimation of the exposure.

A possible additional exposure to pectins (E 440) from their use directly by the consumer (adding pectins to thicken foods, e.g. jams, marmalades) and from their use as food additives authorised in accordance with Annex III to Regulation (EC) No 1333/2008 were not considered in any of the above exposure assessment scenarios.

The Panel also noted that the refined exposure estimates were based on information reported on the use levels of pectins (E 440) by food industry. If actual practices change, these refined estimates may no longer be representative and should be updated.

Following the conceptual framework for the risk assessment of certain food additives re‐evaluated under Commission Regulation (EU) No 257/2010 (EFSA ANS Panel, [2014](#efs24866-bib-0032){ref-type="ref"}), and given that: the data received for the 23 food categories were adequate for a combined exposure assessment for these categories;based on these reported use levels, a refined exposure of up to 442 mg/kg bw per day for toddlers in these categories (brand‐loyal scenario) was estimated;pectin and amidated pectin are not absorbed intact, but extensively fermented by intestinal microbiota in animals and humans;adequate toxicity data were available;in oral subchronic studies with pectins in rats, no adverse effects were observed at doses ranging from 3,366 mg/kg bw per day to 13,500 mg/kg bw per day, the highest doses tested. In subchronic studies with pAOS in the diet in rats, a NOAEL of 1,700 mg/kg bw per day was identified;no effects on body weight and food intake were observed in male neonatal pigs exposed to 0.3% pectin in formula (equal to 1,049 mg pectin/kg bw per day) for 28 days, while in the same study such effects were observed at 1% pectin in formula (equal to 4,015 mg pectin/kg bw per day);no adverse effects were reported in a chronic study in rats at up to 5,000 mg pectin/kg bw per day, the highest dose tested;there is no concern with respect to genotoxicity for pectin and amidated pectin;a daily dose of 36,000 mg pectin (equivalent to 515 mg/kg bw per day) for 6 weeks in humans was associated with abdominal distension and increasing flatus in some individuals, effects which were considered by the Panel as undesirable, but not adverse,

the Panel concluded that there is no need for a numerical ADI for pectin (E 440i) and amidated pectin (E 440ii) and that there is no safety concern for the general population at the refined exposure assessment for the reported uses and use levels of pectins (E 440) as food additives.

Concerning the use of pectins (E 440) in 'dietary foods for special medical purposes and special formulae for infants' (FC 13.1.5.1) and in 'dietary foods for babies and young children for special medical purposes as defined in Directive 1999/21/EC' (FC 13.1.5.2), and given that: for populations consuming foods for special medical purposes and special formulae, the 95th percentile of maximum exposure assessments calculated based on the maximum reported data from food additive producers were up to 1,349 mg/kg bw per day for infants;infants and young children consuming these foods may be exposed to a greater extent to pectins (E 440) than their healthy counterparts because the permitted levels of pectins (E 440) in formulae for special medical purposes are 2‐fold higher (1%) than in formulae for healthy individuals;infants and young children consuming foods belonging to these food categories may show a higher susceptibility to the gastrointestinal effects of pectins than their healthy counterparts due to their underlying medical condition;no effects on body weight and food intake were observed in male neonatal pigs exposed to 0.3% pectin in formula (equal to 1,049 mg pectin/kg bw per day) for 28 days, while in the same study, such effects were observed at 1% pectin in formula (equal to 4,015 mg pectin/kg bw per day);in infants and young children (\< 18 months of age), a formula containing 0.5% pectin (E 440) given for 3 months was well tolerated without adverse effects;no human studies investigating the adverse effects of formulae containing pectins (E 440) at the maximum permitted level (MPL) of 1% for the relevant age group were available,

the Panel concluded, that the available data do not allow for an adequate assessment of the safety of use of pectins (E 440) in infants and young children consuming these foods for special medical purposes at the presently authorised maximum use levels of 1%.

The Panel recommended that: the European Commission considers lowering the maximum limits for the impurities of toxic elements arsenic, lead, mercury and cadmium in the EU specifications for pectin (E 440i) and amidated pectin (E 440ii) in order to ensure that pectin (E 440i) and amidated pectin (E 440ii) as food additives will not be a significant source of exposure to those toxic elements in food; special requirements might be defined in the specifications for pectin (E 440i) and amidated pectin (E 440ii) to be used in formulae or food for infants, toddlers and other young children;limits for aluminium should be considered for inclusion in the EU specifications, as aluminium can be used in the manufacturing process;the European Commission considers harmonising the microbiological specifications for polysaccharidic thickening agents, such as pectins, and including criteria for the absence of *Salmonella* spp. and *Escherichia coli*, for total aerobic microbial count (TAMC) and for total combined yeasts and moulds count (TYMC) in the EU specifications for pectin (E 440i) and amidated pectin (E 440ii);additional clinical data should be generated to assess the safety of pectins (E 440) when used in 'dietary foods for special medical purposes and special formulae for infants' (FC 13.1.5.1) and in 'dietary foods for babies and young children for special medical purposes as defined in Directive 1999/21/EC' (FC 13.1.5.2);due to the discrepancies observed between the data reported from industry and the Mintel database, where pectins are labelled in more products than in food categories for which data were reported from industry, the Panel recommended collection of data on usage and use levels of pectins (E 440) in order to perform a more realistic exposure assessment.

1. Introduction {#efs24866-sec-0003}
===============

The present opinion deals with the re‐evaluation of the safety of pectin (E 440i) and amidated pectin (E 440ii) when used as food additives. Pectin (E 440i) and amidated pectin (E 440ii) are authorised food additives in the European Union (EU) according to Annex II and Annex III of Regulation (EC) No 1333/2008[1](#efs24866-note-1007){ref-type="fn"}. E 440 includes both pectin (E 440i) and amidated pectin (E 440ii).

1.1. Background and Terms of Reference as provided by the European Commission {#efs24866-sec-0004}
-----------------------------------------------------------------------------

### 1.1.1. Background {#efs24866-sec-0005}

Regulation (EC) No 1333/2008 of the European Parliament and of the Council on food additives requires that food additives are subject to a safety evaluation by the European Food Safety Authority (EFSA) before they are permitted for use in the European Union (EU). In addition, it is foreseen that food additives must be kept under continuous observation and must be re‐evaluated by EFSA.

For this purpose, a programme for the re‐evaluation of food additives that were already permitted in the EU before 20 January 2009 has been set up under Regulation (EU) No 257/2010[2](#efs24866-note-1008){ref-type="fn"}. This Regulation also foresees that food additives are re‐evaluated whenever necessary in the light of changing conditions of use and new scientific information. For efficiency and practical purposes, the re‐evaluation should, as far as possible, be conducted by group of food additives according to the main functional class to which they belong.

The order of priorities for the re‐evaluation of the currently approved food additives should be set on the basis of the following criteria: the time since the last evaluation of a food additive by the Scientific Committee on Food (SCF) or by EFSA, the availability of new scientific evidence, the extent of use of a food additive in food and the human exposure to the food additive taking also into account the outcome of the Report from the Commission on Dietary Food Additive Intake in the EU[3](#efs24866-note-1009){ref-type="fn"} of 2001. The report 'Food additives in Europe 2000' submitted by the Nordic Council of Ministers to the Commission, provides additional information for the prioritisation of additives for re‐evaluation.

In 2003, the Commission already requested EFSA to start a systematic re‐evaluation of authorised food additives. However, as a result of adoption of Regulation (EU) 257/2010, the 2003 Terms of Reference are replaced by those below.

### 1.1.2. Terms of Reference {#efs24866-sec-0006}

The Commission asks EFSA to re‐evaluate the safety of food additives already permitted in the Union before 2009 and to issue scientific opinions on these additives, taking especially into account the priorities, procedures and deadlines that are enshrined in Regulation (EU) No 257/2010 of 25 March 2010 setting up a programme for the re‐evaluation of approved food additives in accordance with Regulation (EC) No 1333/2008 of the European Parliament and of the Council on food additives.

### 1.1.3. Interpretation of Terms of Reference {#efs24866-sec-0007}

The Panel on Food Additives and Nutrient Sources added to Food (ANS Panel) described its risk assessment paradigm in its Guidance for submission for food additive evaluations in 2012 (EFSA ANS Panel, [2012](#efs24866-bib-0030){ref-type="ref"}). This Guidance states, that in carrying out its risk assessments, the Panel sought to define a health‐based guidance value e.g. an acceptable daily intake (ADI) (IPCS, [2004](#efs24866-bib-0072){ref-type="ref"}) applicable to the general population. According to the definition above, the ADI as established for the general population does not apply to infants below 12 weeks of age (JECFA, [1978](#efs24866-bib-0077){ref-type="ref"}; SCF, [1998](#efs24866-bib-0148){ref-type="ref"}). In this context, the re‐evaluation of the use of food additives, such as pectin and amidated pectin, in food for infants below 12 weeks represents a special case for which specific recommendations were given by the Joint FAO/WHO Expert Committee on Food Additives (JECFA [1972](#efs24866-bib-0075){ref-type="ref"}, [1978](#efs24866-bib-0077){ref-type="ref"}) and by the SCF ([1996](#efs24866-bib-0147){ref-type="ref"}, [1998](#efs24866-bib-0148){ref-type="ref"}). The Panel endorsed these recommendations.

In the current EU legislation (Regulation (EC) No 1333/2008), use levels of additives in food for infants under the age of 12 weeks in categories 13.1.1 and 13.1.5.1[4](#efs24866-note-1010){ref-type="fn"} (Annex II) and uses of food additives in nutrient preparations for use in food for infants under the age of 12 weeks and maximum levels for the carry‐over from these uses (Annex III, Part 5, section B) are included. The Panel considers that these uses would require a specific risk assessment in line with the recommendations given by JECFA and the SCF and endorsed by the Panel in its current Guidance for submission for food additives evaluations (EFSA ANS Panel, [2012](#efs24866-bib-0030){ref-type="ref"}). Therefore risk assessments for the general population are not considered applicable for infants under the age of 12 weeks and will be performed separately.

This re‐evaluation refers exclusively to the uses of pectin (E 440i) and amidated pectin (E 440ii) as food additives in food, including food supplements and does not include a safety assessment of other uses of pectins.

1.2. Information on existing authorisations and evaluations {#efs24866-sec-0008}
-----------------------------------------------------------

In 1978, the SCF ([1978](#efs24866-bib-0145){ref-type="ref"}) endorsed the ADI 'not specified' established by JECFA ([1974](#efs24866-bib-0076){ref-type="ref"}) for non‐amidated pectins. The Committee was prepared to accept a temporary ADI of 0--25 mg/kg body weight (bw) for amidated pectin, provided that the results of further toxicological studies be received by 1982. The Committee recommended that these studies should include adequate reproduction, embryotoxicity and teratology studies in rats and an adequate long‐term study in a rodent species, preferably in the rat.

The SCF ([1985](#efs24866-bib-0146){ref-type="ref"}) endorsed the evaluation of JECFA ([1981](#efs24866-bib-0078){ref-type="ref"}) in which additional long‐term feeding studies in rats, as well as multi‐generation studies, showed no toxicological differences between pectins and amidated pectins. The Committee concluded that the database was sufficient, and established a group ADI 'not specified' for non‐amidated and amidated pectin. However, no toxicological data were specified in the document.

The SCF ([2003](#efs24866-bib-0150){ref-type="ref"}) recommended that pectins should not be used in infant formulae and follow‐on formulae in view of limited information on their potential effects in infants. The Committee had no objections against the continued use of pectins up to a maximum level of 10 g/L in dietary foods for special medical purposes for infants to be used under medical supervision.

In 2014, JECFA evaluated the safety of using non‐amidated pectin in infant formula and formula for special medical purposes intended for infants (JECFA, [2015](#efs24866-bib-0081){ref-type="ref"}). In this document, it was stated that 'the Committee was made aware that a further pectin product is available on the market. This product, known as pectin‐derived acidic oligosaccharides (pAOS), is produced by enzymatic hydrolysis of pectin. pAOS has not been evaluated by the Committee and is not covered by the existing specifications for pectins.' JECFA concluded that the use of non‐amidated pectin in infant formulas at the maximum proposed use levels (0.5%) is of concern. This conclusion was based on the decreased food intake and body weight gain in neonatal pigs.

In the updated safety evaluation (JECFA, [2016a](#efs24866-bib-0082){ref-type="ref"}), the Committee concluded that at the new maximum proposed use level of pectin in infant formula (0.2%), the estimated exposure of infants aged 0--12 weeks would be up to 360 and 440 mg pectin/kg bw per day at mean and high consumption, respectively. The margins of exposure for average and high consumers were 2.9 and 2.4, respectively, when compared with the no‐observed‐effect level (NOAEL) of 1,049 mg/kg bw per day, identified in the piglet study. On the basis of a number of considerations (low toxicity of pectin, NOAEL derived from a relevant study in neonatal piglets, relation of adverse effects in piglet study to viscosity, support of clinical studies for tolerance of infants to pectin up to the concentration of 0.2% and conservative exposure estimates), the Committee concluded that the margins of exposure calculated for the use of pectin at a concentration of 0.2% in infant formula indicate a low risk for the health of infants aged 0--12 weeks and is not of concern. JECFA further stated that 'there is variability in medical conditions among infants requiring formula for special medical purposes and that these infants would be normally under medical supervision'.

An evaluation of pectin and amidated pectin is also available from the Nordic Council of Ministers (TemaNord, [2002](#efs24866-bib-0161){ref-type="ref"}). It was stated that pectin has been a natural component of human diet throughout evolution and there is no indication of toxic effects induced by pectin or amidated pectin.

The EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA) established a cause and effect relationship between the consumption of pectins and a reduction of post‐prandial glycaemic responses and maintenance of normal blood cholesterol concentrations (EFSA NDA Panel, [2010](#efs24866-bib-0036){ref-type="ref"}). In order to obtain these physiological effects, 10 g of pectins per meal or 6 g of pectins per day, in one or more servings, respectively, are required.

2. Data and methodologies {#efs24866-sec-0009}
=========================

2.1. Data {#efs24866-sec-0010}
---------

The ANS Panel was not provided with a newly submitted dossier. EFSA launched public calls for data,[5](#efs24866-note-1011){ref-type="fn"} ^,^ [6](#efs24866-note-1012){ref-type="fn"} ^,^ [7](#efs24866-note-1013){ref-type="fn"} to collect relevant information from interested parties.

The Panel based its assessment on information submitted to EFSA following the public calls for data, information from previous evaluations and additional available literature up to the last Working Group meeting before the adoption of the opinion.[8](#efs24866-note-1014){ref-type="fn"} Attempts were made to retrieve relevant original study reports on which previous evaluations or reviews were based, however, these were not always available to the Panel.

The EFSA Comprehensive European Food Consumption Database (Comprehensive Database[9](#efs24866-note-1015){ref-type="fn"}) was used to estimate the dietary exposure.

The Mintel Global New Products Database (GNPD) is an online resource listing food products and compulsory ingredient information that should be included in labelling. This database was used to verify the use of pectin (E 440i) and amidated pectin (E 440ii) in food products.

2.2. Methodologies {#efs24866-sec-0011}
------------------

This opinion was formulated following the principles described in the EFSA Guidance on transparency with regard to scientific aspects of risk assessment (EFSA Scientific Committee, [2009](#efs24866-bib-0037){ref-type="ref"}) and following the relevant existing guidance documents from the EFSA Scientific Committee.

The ANS Panel assessed the safety of pectin (E 440i) and amidated pectin (E 440ii) as food additives in line with the principles laid down in Regulation (EU) 257/2010 and in the relevant guidance documents: Guidance on submission for food additive evaluations by the SCF ([2001](#efs24866-bib-0149){ref-type="ref"}) and taking into consideration the Guidance for submission for food additive evaluations in 2012 (EFSA ANS Panel, [2012](#efs24866-bib-0030){ref-type="ref"}).

When the test substance was administered in the feed or drinking water, but doses were not explicitly reported by the authors as mg/kg bw per day based on actual feed or water consumption, the daily intake was calculated by the Panel using the relevant default values as indicated in the EFSA Scientific Committee Guidance document (EFSA Scientific Committee, [2012](#efs24866-bib-0038){ref-type="ref"}) for studies in rodents or, in the case of other animal species, by JECFA ([2000](#efs24866-bib-0079){ref-type="ref"}). In these cases, the daily intake is expressed as equivalent. When, in human studies in adults (aged above 18 years), the dose of the test substance administered was reported in mg/person per day, the dose in mg/kg bw per day was calculated by the Panel using a body weight of 70 kg as default for the adult population, as described in the EFSA Scientific Committee Guidance document (EFSA Scientific Committee, [2012](#efs24866-bib-0038){ref-type="ref"}).

Dietary exposure to pectin (E 440i) and amidated pectin (E 440ii) from their use as food additives was estimated combining the food consumption data available within the EFSA Comprehensive European Food Consumption Database with the maximum levels according to Annex II to Regulation (EC) No 1333/2008 and/or reported use levels and analytical data submitted to EFSA following a call for data. Different exposure scenarios were used to calculate exposure (see Section [3.4.1](#efs24866-sec-0035){ref-type="sec"}). Uncertainties in the exposure assessment were identified and discussed.

3. Assessment {#efs24866-sec-0012}
=============

3.1. Technical data {#efs24866-sec-0013}
-------------------

### 3.1.1. Identity of the substances {#efs24866-sec-0014}

According to Commission Regulation (EU) No 231/2012[10](#efs24866-note-1016){ref-type="fn"}, pectin (E 440i) consists mainly of the partial methyl esters of polygalacturonic acid and their ammonium, sodium, potassium and calcium salts. It is obtained by extraction, in an aqueous medium, of strains of appropriate edible plant material, usually citrus fruits peels or apple pomace. Pectin has the Chemical Abstract Service (CAS) Registry No 9000‐69‐5 and the EC (EINECS) No 232‐553‐0.

Amidated pectin (E 440ii) consists of both partial methyl esters and amides of polygalacturonic acid. Amidated pectin has the CAS Registry No 56645‐02‐4; an EC (EINECS) No has not been assigned.

The structure of pectins is based on a backbone of 1,4‐linked α‐[d]{.smallcaps}‐galactopyranosyluronic acid units intercalated by 2‐linked [l]{.smallcaps}‐rhamnosyl residues. Parts of the carboxyl groups are esterified with methanol. The degree of esterification (DE) can range theoretically from 0% to 100%. Commercial pectins are divided into low‐methoxyl pectins (LM‐pectins), where less than 50% (typically 20--40%) of the carboxyl groups are methylated, whereas in high‐methoxy pectins (HM‐pectins), more than 50% (typically 55--75%) are methylated. Pectins with a degree of methylation of less than 10% are called pectic acid or pectate. In addition, the galacturonic acid monomers may be esterified with acetyl groups to varying degrees, depending on the plant source (Pilnik and Voragen, [1992](#efs24866-bib-0132){ref-type="ref"}; Voragen, [2007](#efs24866-bib-0167){ref-type="ref"}). Neutral sugars are covalently linked as side‐chains to the rhamnogalacturonan via the C3 of galacturonosyl and/or the C4 of the rhamnosyl residues. Side‐chain sugars are mainly galactose and arabinose, forming galactan, arabinan and arabinogalactan, and appear to be concentrated along certain regions of the polymer ('hairy regions'), in contrast to side‐chain free parts ('smooth regions') (Thibault, [1983](#efs24866-bib-0162){ref-type="ref"}). Arabinogalactan I is a backbone of mainly β‐(1,4)‐galactopyranosyl linkages with α‐(1,5)‐linked arabinosyl residues (as single arabinose side‐chain). This arabinogalactan is the one present in pectins. Arabinogalactan II is mainly linked to proteins or free and the β‐galactopyranosyl residues are predominantly α‐1,3‐linked. The 1,4‐linked α‐[d]{.smallcaps}‐galactosyluronic residues can also be O‐acetylated at the C2 and C3 positions (Fincher et al., [1983](#efs24866-bib-0045){ref-type="ref"}; Huisman et al., [2001](#efs24866-bib-0063){ref-type="ref"}; Voragen et al., [2009](#efs24866-bib-0169){ref-type="ref"}).

The structural formula of the galacturonic acid chain (40% methylated), the major structure unit of pectins, is exemplarily presented in Figure [1](#efs24866-fig-0001){ref-type="fig"}.

![Structural formula of pectins. The backbone is composed of the disaccharide repeating unit of α‐(1,2)‐[d]{.smallcaps}‐galacturonic acid‐α‐(1,4)‐[l]{.smallcaps}‐rhamnose. Side chains are polymers containing linear and branched α‐[l]{.smallcaps}‐arabinose and/or β‐[d]{.smallcaps}‐galactose residues to form arabinan and arabinogalactan I of varying chain lengths (adapted from Ochoa‐Villarreal et al., [2012](#efs24866-bib-0121){ref-type="ref"}; CC BY 3.0)](EFS2-15-e04866-g001){#efs24866-fig-0001}

In three commercial samples, the content of neutral sugars varied between 8.5% and 27.0% (Rolin et al., [1998](#efs24866-bib-0141){ref-type="ref"}).

In amidated pectins (E 440ii), up to 25% of the carboxyl groups are amidated \[Documentation provided to EFSA, n. 14\]. Amidated pectins are derived from HM‐pectins. Two types of amidated pectins are commercially available. The distinction between the types is made on the basis of the rate of setting (i.e. rate of gelification) in the presence of calcium ions: (i) 'slow‐set amidated low‐methoxyl pectins' (degree of methylation 35%; degree of amidation 15%) and (ii) 'rapid‐set amidated high‐methoxyl pectins' (degree of methylation 30%; degree of amidation 20%) (Voragen et al., [1995](#efs24866-bib-0168){ref-type="ref"}).

The average molecular weight of pectins, based on viscosity measurements, is reported to be in the range between 50,000 and 200,000 (Rolin et al., [1998](#efs24866-bib-0141){ref-type="ref"}).

According to Commission Regulation (EU) No 231/2012, pectins are white, light yellow, light grey or light brown or brownish powders, which are soluble in water, forming a colloidal, opalescent solution, and insoluble in ethanol. They are practically odourless, with a mucilaginous taste (Merck Index, [2012](#efs24866-bib-0108){ref-type="ref"}).

The physicochemical properties of pectins are largely dependent on molecular mass, degree of esterification, degree of acetylation, degree of amidation and the neutral sugar content (Voragen, [2007](#efs24866-bib-0167){ref-type="ref"}). Commercial pectins are soluble in water, forming a viscous solution which contains hydrated particles. They dissolve more readily in water if first moistened with alcohol, glycerol or sugar syrup, or if first mixed with three or more parts of sucrose (Merck Index, [2012](#efs24866-bib-0108){ref-type="ref"}). The pH of the aqueous solution is 2.9--3.2, depending on the degree of esterification (Pilnik and Voragen, [1992](#efs24866-bib-0132){ref-type="ref"}). The pKa values vary between 3 and 4, and depend on the degree of methylation (Ralet et al., [2002](#efs24866-bib-0139){ref-type="ref"}). Pectins are insoluble in alcohol, diluted alcohol and other organic solvents (Pilnik and Voragen, [1992](#efs24866-bib-0132){ref-type="ref"}; Voragen, [2007](#efs24866-bib-0167){ref-type="ref"}; Merck Index, [2012](#efs24866-bib-0108){ref-type="ref"}). Gelling is related to viscosity of pectin solutions. Viscosity and gel strength of the aqueous solutions increase with increasing molecular weight (Voragen, [2007](#efs24866-bib-0167){ref-type="ref"}). It is also affected by the degree of methylation, pH and presence of counter‐ions (Phatak et al., [1988](#efs24866-bib-0130){ref-type="ref"}). Viscosity also changes with concentration and temperature. HM‐pectins form gels if the pH is below the value of, approximately, 3.6 and if a cosolute is present, typically sucrose, at a concentration greater than 55% by weight (Oakenful and Scott, [1984](#efs24866-bib-0120){ref-type="ref"}). LM‐pectins form electrostatically stabilised gel networks with whey proteins that can be further stabilised by heat treatment (Krzeminski et al., [2014](#efs24866-bib-0098){ref-type="ref"}).

According to Gilsenan et al. ([2003a](#efs24866-bib-0051){ref-type="ref"},[b](#efs24866-bib-0052){ref-type="ref"}) and Sharma et al. ([2006](#efs24866-bib-0152){ref-type="ref"}), pectins can be added to food together with other hydrocolloids to improve or modify the gelation conditions and the physicochemical properties and texture for certain food applications, improving some quality parameters. HM‐pectins can be used in combination with guluronic‐rich alginates to form firm gels in acid conditions without Ca^2+^ ions. According to Helgerud et al. ([2010](#efs24866-bib-0059){ref-type="ref"}), fruits naturally rich in pectin, such as apples, form gels when a sodium alginate solution is added after cooking. In contrast to thermally stable calcium alginate gels, alginate‐pectin gels are thermo‐reversible.

Pectins can also interact with other polymers such as starch, gelatine, agar‐agar, guar gum, locust bean gum, oxidised starch, potato maltodextrin and gum arabic (acacia gum). According to Sharma et al. ([2006](#efs24866-bib-0152){ref-type="ref"}), the combination of gelatine with pectin in confectionery products, compensates the disadvantage of a low‐melting temperature when gelatine is used alone, improving the product stability to higher temperatures. The texture of the products can be regulated by the pectin/gelatine ratio, and the texture becomes more elastic and brittle with the increasing pectin share, while the products become also more viscous with increasing gelatine share. The addition of pectin also reduces the setting time in respect to a pure gelatine system. It has been also reported by Gilsenan et al. ([2003a](#efs24866-bib-0051){ref-type="ref"},[b](#efs24866-bib-0052){ref-type="ref"}) that gelatine does not develop sufficient net positive charge to allow the electrostatic association with pectin until the pH is below the isoelectric point of gelatine of 4.9.

Pectins can also interact with starch, and this combination is used to produce jelly beans. The pectin/starch ratio regulates the consistency in these products. The combination of pectins with agar‐agar is used in aerated confectionery products such as marshmallows to produce a more viscous texture, enhancing the mouth‐feel attribute, and can influence positively the water binding capacity leading to better preservation and longer stability at storage. Pectin can also interact with other polymers as guar, locust bean gum, oxidised starch, potato maltodextrin and gum arabic. Interactions with gum arabic are hydrophobic and lead to differing gel properties. Branched hydrocolloids cause a faster destabilisation of calcium‐induced low methoxyl pectin than linear polymers. Interactions of branched regions in pectins with other branched regions are highly hydrophobic and non‐ionic. The interaction of pectin and guar gum can improve some quality parameters in partially baked frozen bread such as moisture content and crumb cohesiveness, decreasing volume and increasing crumb hardness and chewiness (Skara et al., [2013](#efs24866-bib-0155){ref-type="ref"}).

Synonyms of pectins are Genu Pectin, pectic acid, polypectate.

### 3.1.2. Specifications {#efs24866-sec-0015}

The specifications for pectin (E 440i) and amidated pectin (E 440ii), as defined in Commission Regulation (EU) No 231/2012 and by JECFA ([2016b](#efs24866-bib-0083){ref-type="ref"}), are listed in Table [1](#efs24866-tbl-0001){ref-type="table"}.

###### 

Specifications for pectin (E 440i) and amidated pectin (E 440ii) according to Commission Regulation (EU) No 231/2012 and JECFA ([2016b](#efs24866-bib-0083){ref-type="ref"})

                         Commission Regulation (EU) No 231/2012                                                                                                                                                                                                                                                                                                                        JECFA ([2016b](#efs24866-bib-0083){ref-type="ref"})                                                                                                                                                                                                                                                                                                                                                                                    
  ---------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Definition**         Pectin consists mainly of the partial methyl esters of polygalacturonic acid and their ammonium, sodium, potassium and calcium salts. It is obtained by extraction in an aqueous medium of strains of appropriate edible plant material, usually citrus fruits or apples. No organic precipitant shall be used other than methanol, ethanol and propan‐2‐ol   Amidated pectin consists mainly of the partial methyl esters and amides of polygalacturonic acid and their ammonium, sodium, potassium and calcium salts. It is obtained by extraction in an aqueous medium of appropriate strains of edible plant material, usually citrus fruits or apples and treatment with ammonia under alkaline conditions. No organic precipitant shall be used other than methanol, ethanol and propan‐2‐ol   Consists mainly of the partial methyl esters of polygalacturonic acid and their sodium, potassium, calcium and ammonium salts; obtained by extraction in an aqueous medium of appropriate edible plant material, usually citrus fruits or apples; no organic precipitants shall be used other than methanol, ethanol and isopropanol; in some types, a portion of the methyl esters may have been converted to primary amides by treatment with ammonia under alkaline conditions. Sulfur dioxide may be added as a preservative
  **Assay**              Content not less than 65% of galacturonic acid on the ash‐free and anhydrous basis after washing with acid and alcohol                                                                                                                                                                                                                                        Content not less than 65% of galacturonic acid on the ash‐free and anhydrous basis after washing with acid and alcohol                                                                                                                                                                                                                                                                                                                 Not less than 65% of galacturonic acid calculated on the ash‐free and dried basis
  **Description**        White, light yellow, light grey or light brown powder                                                                                                                                                                                                                                                                                                         White, light yellow, light greyish or light brownish powder                                                                                                                                                                                                                                                                                                                                                                            White, yellowish, light greyish or light brownish powder
  **Identification**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
  Solubility             Soluble in water forming a colloidal, opalescent solution. Insoluble in ethanol                                                                                                                                                                                                                                                                               Soluble in water forming a colloidal, opalescent solution. Insoluble in ethanol                                                                                                                                                                                                                                                                                                                                                        --
  Test for pectins       --                                                                                                                                                                                                                                                                                                                                                            --                                                                                                                                                                                                                                                                                                                                                                                                                                     Passes test
  Test for amide group   --                                                                                                                                                                                                                                                                                                                                                            --                                                                                                                                                                                                                                                                                                                                                                                                                                     Passes test (amidated pectins only)
  **Purity**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
  Loss on drying         Not more than 12% (105°C, 2 h)                                                                                                                                                                                                                                                                                                                                Not more than 12% (105°C, 2 h)                                                                                                                                                                                                                                                                                                                                                                                                         Not more than 12% (105°C, 2 h)
  Acid insoluble ash     Not more than 1% (insoluble in approximately 3N hydrochloric acid)                                                                                                                                                                                                                                                                                            Not more than 1% (insoluble in approximately 3N hydrochloric acid)                                                                                                                                                                                                                                                                                                                                                                     Not more than 1%
  Degree of amidation    --                                                                                                                                                                                                                                                                                                                                                            Not more than 25% of total carboxyl groups                                                                                                                                                                                                                                                                                                                                                                                             Not more than 25% of total carboxyl groups of pectin
  Sulfur dioxide         Not more than 50 mg/kg on the anhydrous basis                                                                                                                                                                                                                                                                                                                 Not more than 50 mg/kg on the anhydrous basis                                                                                                                                                                                                                                                                                                                                                                                          Not more than 50 mg/kg
  Nitrogen content       Not more than 1.0% after washing with acid and ethanol                                                                                                                                                                                                                                                                                                        Not more than 2.5% after washing with acid and ethanol                                                                                                                                                                                                                                                                                                                                                                                 Not more than 2.5% after washing with acid and ethanol
  Total insolubles       Not more than 3%                                                                                                                                                                                                                                                                                                                                              Not more than 3%                                                                                                                                                                                                                                                                                                                                                                                                                       Not more than 3%
  Solvent residues       Not more than 1% of free methanol, ethanol and propan‐2‐ol, singly or in combination, on the volatile matter‐free basis                                                                                                                                                                                                                                       Not more than 1% of free methanol, ethanol and propan‐2‐ol, singly or in combination, on the volatile matter‐free basis                                                                                                                                                                                                                                                                                                                Not more than 1% methanol, ethanol and isopropanol, singly or in combination
  Arsenic                Not more than 3 mg/kg                                                                                                                                                                                                                                                                                                                                         Not more than 3 mg/kg                                                                                                                                                                                                                                                                                                                                                                                                                  --
  Lead                   Not more than 5 mg/kg                                                                                                                                                                                                                                                                                                                                         Not more than 5 mg/kg                                                                                                                                                                                                                                                                                                                                                                                                                  Not more than 2 mg/kg for general use and 0.5 mg/kg for use in infant formula
  Mercury                Not more than 1 mg/kg                                                                                                                                                                                                                                                                                                                                         Not more than 1 mg/kg                                                                                                                                                                                                                                                                                                                                                                                                                  --
  Cadmium                Not more than 1 mg/kg                                                                                                                                                                                                                                                                                                                                         Not more than 1 mg/kg                                                                                                                                                                                                                                                                                                                                                                                                                  --

John Wiley & Sons, Ltd

The Panel noted that, in addition, JECFA made the following remarks: the commercial product is normally diluted with sugars for standardisation purposes. In addition to sugars, pectins may be mixed with suitable food‐grade buffer salts required for pH control and desirable setting characteristics. The article of commerce may be further specified as to pH value, gel strength, viscosity, degree of esterification and setting characteristics (JECFA, [2016b](#efs24866-bib-0083){ref-type="ref"}).

The Panel noted that limits for aluminium should be considered for inclusion in the EU specifications, as aluminium can be used in the manufacturing process (Section [3.1.3](#efs24866-sec-0016){ref-type="sec"}).

The Panel noted that, according to the EU specifications for pectin (E 440i) and amidated pectin (E 440ii), impurities of the toxic elements arsenic, lead, mercury and cadmium are accepted up to concentrations of 3, 5, 1 and 1 mg/kg, respectively. Contamination at such levels could have a significant impact on the exposure to these metals, for which exposure is already close to the health‐based guidance values or benchmark doses (lower confidence limits) established by EFSA (EFSA, [2009](#efs24866-bib-0027){ref-type="ref"}; EFSA CONTAM Panel, [2009](#efs24866-bib-0033){ref-type="ref"}, [2010](#efs24866-bib-0034){ref-type="ref"}, [2012](#efs24866-bib-0035){ref-type="ref"}).

In its report, JECFA ([2014](#efs24866-bib-0080){ref-type="ref"}) noted that the Eighth Session of the Codex Committee on Contaminants in Foods (CCCF) agreed to a maximum level (ML) of 0.01 mg/kg for lead in infant formula (as consumed) (FAO/WHO, [2014](#efs24866-bib-0043){ref-type="ref"}). The Committee also noted that the use of pectin as a food additive at the proposed use levels could result in an exceedance of the ML for lead in infant formula. This situation was estimated to occur if lead were present in pectin at the specified limit of 5 mg/kg. This estimate was calculated without considering the contribution of other ingredients to the overall lead level in infant formulas. The Committee also noted that the responsibility for ensuring that the final infant formulas comply with the ML for lead remains with infant formula producers. Furthermore, the Committee noted that data provided by the sponsors indicate that the food additive can be produced with lead levels below the limit of 5 mg/kg in pectin. Considering this, the Committee noted that a lower lead limit in the specifications, for instance 1 mg/kg pectin, would not result in the additive exceeding the ML for lead in the final infant formula (i.e. 0.01 mg/kg). According to the recent JECFA ([2016a](#efs24866-bib-0082){ref-type="ref"}) evaluation, a limit of 0.5 mg/kg for lead was introduced for pectins for use in infant formula.

In view of the botanical origin of pectins, possible contamination with pesticides should be considered. The Panel considered it necessary to pay attention to the compliance of pectins raw material to the existing EU regulation on pesticides.

Because of both the botanical origin and the polysaccharidic nature of pectins, they can be a substrate of microbiological contamination. The Panel noted that no microbiological criteria were defined for pectins in the EU Regulation. The Panel also noted that the microbiological specifications for polysaccharidic thickening agents should be harmonised, and that for pectins, criteria for the absence of *Salmonella* spp., *Escherichia coli*, total aerobic microbial count (TAMC) and total combined yeast and mould count (TYMC), should be included in the EU specifications.

### 3.1.3. Manufacturing process {#efs24866-sec-0016}

The most important raw materials for pectin production are sugar beets or citrus peels and apple pomace, which are available as by‐products of juice manufacturing. The raw material undergoes extraction in water which has been acidified with pure mineral acid (e.g. hydrochloric acid and nitric acid) or organic acid (e.g. citric acid or oxalic acid) to pH 1--3 at 50--90°C for 3--12 h. During extraction, limited depolymerisation and hydrolysis of methyl ester and acetate groups which are present in natural pectin takes place, and the pectin dissolves. The remaining insoluble plant material and undesirable components (e.g. colours) are removed by centrifugation and/or filtration in one or more stages. The pectin‐containing extract is passed through a cation‐exchange column, concentrated by evaporation and then precipitated with alcohol (methanol, ethanol or isopropanol). Alternatively to alcohol precipitation, aluminium salts are added to the extract, forming insoluble salts with pectin. The aluminium ions are removed by washing with acidified aqueous alcohol (Pilnik and Voragen, [1992](#efs24866-bib-0132){ref-type="ref"}; Rolin et al., [1998](#efs24866-bib-0141){ref-type="ref"}; Voragen, [2007](#efs24866-bib-0167){ref-type="ref"}). Commercial pectin products are often standardised (e.g. to a specific gelling strength) by the addition of food grade sugars. Further enzymatic processing of pectins by addition of small amounts of, e.g. esterases, polygalacturonases, pectin lyases and amylases is used in industry to clarify the extract or to facilitate the hydrolysis of glycosidic bonds or ester groups. These enzymes may come also from the raw material where they naturally also exist. For the production of low ester pectin types, the extract may be held for hours, allowing for the spontaneous hydrolysis of the ester groups with the enzymes from the raw material present in the extract. This process could be facilitated by temperature and by other added esterases. Different degrees of esterification or polymerisation can be produced through different enzymatic treatments. The enzymes are irreversibly inactivated later in the manufacturing process by low pH, high temperatures or alcohol precipitation. The precipitated pectin is washed with diluted alcohol to remove acid, salts and other impurities, before drying and milling. The Panel noted that, as a result of pectin manufacture, inactivated enzymes, either from the aqueous extract or added, could be present in the product in low amounts, together with other proteins from the raw material, in amounts ranging from 0% to 5%.

The Panel was informed by one interested party (IPPA, 2015) that aluminium‐based purification is no longer used. However, according to the information provided by some interested parties (IPPA, 2017), some commercial pectin types are produced using a traditional 'salt flocculation process' consisting in the addition of flocculation agents (calcium di‐chloride and/or aluminium trichloride), before the precipitation phase with ethanol or propan‐2‐ol. The Panel was informed by this interested party that the added cations (Al^3+^ and/or Ca^2+^) are removed after several purification steps using acidified alcohol/water solutions. Moreover, for the production of some low ester pectin types, some variations in the process are introduced, consisting in the treatment of the precipitated pectin with diluted alcohol followed by the washing, drying and milling steps. The alcohol used may be acidic by the addition of mineral acids or organic acids or the alcohol may be alkaline by addition of sodium‐ or potassium hydroxide or carbonate (in combination with ammonia, in the case of amidated pectin). The Panel noted that, as a consequence, residual aluminium could be present as a result of the processing of pectins using the 'salt flocculation process' method.

Amidated pectins (E 440ii) are produced by treatment of an alcoholic suspension with ammonia, which leads to conversion of carboxylate methyl esters to primary amides. By choosing proper conditions with respect to ammonia concentration, water activity and temperature, pectins with various proportions of amidated, methyl esterified and free carboxylate groups can be produced (Pilnik and Voragen, [1992](#efs24866-bib-0132){ref-type="ref"}; Rolin et al., [1998](#efs24866-bib-0141){ref-type="ref"}; Voragen, [2007](#efs24866-bib-0167){ref-type="ref"}). In addition, the Panel noted that amidated pectins are modified forms of pectins produced by an amidation process and therefore cannot be considered as natural compounds.

### 3.1.4. Methods of analysis in food {#efs24866-sec-0017}

There are a number of analytical methods available for the determination of pectin in foodstuff, including gas chromatography (GC), high‐performance liquid chromatography (HPLC), electrophoresis and colorimetry.

Most of the methods are based on the determination of the degree of polymerisation and methylation, through the quantification of the number of galacturonic acid‐based units.

The extraction of pectin from different foodstuffs before analysis is influenced by extraction parameters such as pH, time, temperature, material/solvent ratio, type of solvent.

#### 3.1.4.1. Gas‐chromatographic methods {#efs24866-sec-0018}

An analytical method for pectin and other polysaccharides (agar, carrageenan, sodium alginate, locust bean gum, guar gum, gum arabic, gum tragacanth, xanthan, carboxymethyl cellulose, propylene glycol alginate, gum ghatti, tamarind, gum karaya and larch arabinogalactan) in a variety of foods like blancmange powder, glaze, ice cream, and cream cheese was described by Preuss and Thier ([1982](#efs24866-bib-0134){ref-type="ref"}, [1983](#efs24866-bib-0135){ref-type="ref"}). According to this method, polysaccharides are extracted from the foodstuff, and then fat, starch, proteins and carbohydrates are removed by extraction or degradation. The resulting polysaccharide fraction is analysed by gas chromatography after hydrolysis with methanolic HCl, and derivatisation of the resulting monosaccharides with trimethylchlorosilane. The polysaccharides can be qualitatively identified by their characteristic monosaccharide pattern, and quantified via the single monosaccharide peaks. In the case of pectin, the major hydrolysis product is galacturonic acid. Recoveries for most of the thickeners and gums were about 60--85%, with a coefficient of variation of 2--8% (Preuss and Thier, [1982](#efs24866-bib-0134){ref-type="ref"}, [1983](#efs24866-bib-0135){ref-type="ref"}).

A similar analytical method without extraction from foodstuff was previously described by Mergenthaler and Scherz ([1976](#efs24866-bib-0109){ref-type="ref"}). The monosaccharides resulting from hydrolysis were derivatised to their aldonitrilacetates and analysed by gas chromatography.

Mergenthaler and Scherz ([1980](#efs24866-bib-0110){ref-type="ref"}) improved the separation of different polysaccharides. After extraction of fat and proteins, the polysaccharides are eluted through a chromatographic column filled with diethylaminoethyl (DEAE)‐cellulose. The resulting fractions can be further analysed either by thin‐layer chromatography or, after derivatisation, by GC.

According to the method described by Melton and Smith ([2001](#efs24866-bib-0107){ref-type="ref"}) for the determination of the neutral sugars in the extracted pectin samples, pectins are hydrolysed with trifluoroacetic acid under nitrogen and then phenyl‐β‐[d]{.smallcaps}‐glucopyranoside is added as an internal standard. After filtration, the filtrate is evaporated with nitrogen and the sugars are silylated by adding *N*,*N*‐dimethylformamide and *N*,*O*‐bis(trimethylsilyl) trifluoroacetamide (BSTFA) before analysis with GC/mass spectrometry (MS) is carried out.

#### 3.1.4.2. Liquid chromatographic methods {#efs24866-sec-0019}

Hunziker and Miserez ([1980](#efs24866-bib-0064){ref-type="ref"}) published a method for the quantitative determination of different polysaccharides using gel permeation chromatography (GPC). After extraction of fat, pectin is purified by precipitation with methanol, and the precipitate is further washed and dried. The polysaccharide is chromatographed as a 0.04% solution.

Koswig et al. ([1997](#efs24866-bib-0095){ref-type="ref"}) have analysed pectin and other thickening agents in fruit preparations using high‐performance anion‐exchange chromatography with pulsed amperometric detection (HPAE‐PAD). Pectin is isolated from the food by ethanol precipitation, hydrolysed with sulfuric acid, and the resulting monosaccharides are analysed by HPAE‐PAD. The presence of galacturonic acid in the chromatogram proves the existence of pectin.

White et al. ([1999](#efs24866-bib-0174){ref-type="ref"}) have used a high‐performance size‐exclusion chromatography (HPSEC) method as a rapid technique to determine the average molecular weight range of polygalacturonic acid commercially available as apple and citrus pectin, using a refractive index detector. The molecular weight was calculated using a calibration curve of log of the molecular weight versus the HPSEC retention time.

Quemener et al. ([2000](#efs24866-bib-0137){ref-type="ref"}) determined pectin and other polysaccharides in several foods (yoghurt, gelling milk or pâté) by reversed phase HPLC. The polysaccharides are extracted from the food, hydrolysed with methanolic HCl, and the resulting methylglycosides are analysed by HPLC using refractometric detection. Recoveries were generally higher than 80%, with a detection limit of about 0.03%.

#### 3.1.4.3. Electrophoretic methods {#efs24866-sec-0020}

An electrophoretic method for qualitative and quantitative analysis of gelling agents in food (pudding, milk‐based baby food, sugar fruits, ice cream, ketchup, cream stabiliser) was published by Pechanek et al. ([1982](#efs24866-bib-0129){ref-type="ref"}). After removal of fat, starch and proteins, the polysaccharides are precipitated and separated via electrophoresis using polyacrylamide gel, agarose gel or a cellulose acetate membrane. After electrophoresis, the gels are stained with toluidine blue. The polysaccharides are quantified using a scanner.

Similar electrophoretic methods, using silylated glass fibre as supporting material, were published by Bettler et al. ([1985](#efs24866-bib-0007){ref-type="ref"}) and Schaefer and Scherz ([1983](#efs24866-bib-0151){ref-type="ref"}). Both methods have been tested successfully on a number of foods (tomato sauce, tomato soup, grapefruit juice, ice cream powder mixtures, cacao powder, gelated fruits, meat sauce).

#### 3.1.4.4. Spectrophotometric methods {#efs24866-sec-0021}

The isolation method for pectins according to Melton and Smith ([2001](#efs24866-bib-0107){ref-type="ref"}) has been applied by Müller‐Maatsch et al. ([2016](#efs24866-bib-0118){ref-type="ref"}) in 26 food waste streams such as apple pomace, pumpkin kernel, whole apples, etc. It consists, briefly, in a cell wall isolation, with 25 g of sample being ground to a powder and mixed with 100 mL of 80% phenol/HEPES (4‐(2‐hydroxyethyl)piperazine‐1‐ethanesulfonic acid). A sequential extraction of soluble pectic polysaccharides was also performed, according to Melton and Smith, [2001](#efs24866-bib-0107){ref-type="ref"}. The cell wall samples (25 g) were treated with 50 mM *trans*‐1,2‐diaminocyclohexane‐*N*,*N*,*N*′,*N*′‐tetraacetic acid (CDTA) and potassium acetate buffer (pH 6,5). The supernatant was separated after centrifugation for 20 min at 3,220 g. The pellet was treated with 50 mM Na~2~CO~3~/20 mM NaBH~4~, centrifuged, neutralised and dialysed with water. The chelating agent‐soluble solids and dilute alkaline‐soluble solids solutions were freeze‐dried and the total pectin yield was taken as the combined weights.

For the determination of uronic acid content, the freeze‐dried pectin samples were hydrolysed by adding concentrated sulfuric acid according to the method of Melton and Smith ([2001](#efs24866-bib-0107){ref-type="ref"}). After dilution with water and centrifugation, the supernatant was used for the colorimetric assay. The supernatant and the standard (galacturonic acid in water at different concentrations) were mixed with sulfamic acid/potassium sulfamate solution and sodium tetraborate/sulfuric acid solution. After heating the mixture 20 min at 100°C, NaOH was added, and the absorbance was measured at 525 nm.

List et al. ([1985](#efs24866-bib-0101){ref-type="ref"}) analysed pectin in fruit juices and in commercial pectin preparations as a complex with *m*‐phenylphenol, which can be determined spectrophotometrically. The applied method is sensitive for uronic acids and is not affected by the presence of neutral mono‐ and disaccharides.

#### 3.1.4.5. Tritimetric methods {#efs24866-sec-0022}

Nazaruddin et al. ([2013](#efs24866-bib-0119){ref-type="ref"}) have also described a tritimetric determination of methoxyl and anhydro‐uronic acid contents and degree of esterification in extracted pectins. The sample of pectin is mixed with ethanol, sodium chloride and deionised water. After pectin is dissolved, the mixture is titrated with 0.1 M NaOH, and phenol red as indicator. Subsequently, 0.25 M NaOH is added to de‐esterify pectin, and then 0.25 M HCL is added to neutralise NaOH. The solution is titrated again until the colour changes.

#### 3.1.4.6. NMR and FTIR spectroscopic methods {#efs24866-sec-0023}

Grassino et al. ([2016](#efs24866-bib-0055){ref-type="ref"}) made the extraction and characterisation of pectin from tomato waste. Pectin was isolated from raw, dried and milled tomato waste using ammonium oxalate/oxalic acid as an extracting solvent. The extraction was performed at 60°C and 80°C during 24 h and 12 h in a second step with a new volume of extracting solvent. At the end, the mixture was filtered and pectins were precipitated with ethanol and dried at 40°C in a vacuum oven. For the determination of the pectin structure, the ^1^H nuclear magnetic resonance (NMR) spectra and Fourier transform infrared (FTIR) spectra are registered and compared with the spectra obtained from commercial apple pectin samples. The FTIR spectra show the presence of esterified forms of pectin, depending on the absorption bands.

The degree of methylation and acetylation can be measured according to the method described by Müller‐Maatsch et al. ([2014](#efs24866-bib-0117){ref-type="ref"}). The freeze‐dried pectin samples extracted according to the method of Melton and Smith ([2001](#efs24866-bib-0107){ref-type="ref"}) described previously, are combined with 0.4 M NaOH and centrifuged, followed by the addition of the internal standard solution (3‐(trimethylsilyl)propionate (TSP)‐d4) in D~2~O, used to quantify the methanol and the acetic acid. The supernatant is filtered and transferred in NMR‐tubes for measurement.

A simple and validated method has been developed by Müller‐Maatsch et al. ([2014](#efs24866-bib-0117){ref-type="ref"}), for the determination of methylation, acetylation and feruloylation degree of pectin (isolated according to Melton and Smith, [2001](#efs24866-bib-0107){ref-type="ref"}) from various food sources. The pectin esters are hydrolysed in NaOH/D~2~O, and the obtained methanol, acetic acid and ferulic acid are directly measured by ^1^H NMR. This method presented high accuracy, repeatability and reproducibility and the time for the analysis was reduced compared to the conventional chromatography of titration‐based methods. This quantitative methodology can be applied to pectic polysaccharides from a wide range of sources with different physical properties and can detect small amounts of methanol, acetic acid and ferulic acid. It is more accurate than titration for the determination of the methylation degree, as there is not any confusion with other esterified forms in the pectin. Another advantage of this method is the structural information that can be obtained on other compounds possibly linked with ester bonds to pectin.

Overall, acceptable and reliable methods are available for the determination of pectin in foodstuff, which allow discrimination from other polysaccharides.

### 3.1.5. Stability of the substance, and reaction and fate in food {#efs24866-sec-0024}

Pectins can interact with other food components in different ways, such as the hydrophobic interactions of methyl groups on adjacent pectins when jams are made from fruit and sugar with the addition of commercial pectins (BeMiller, [2007](#efs24866-bib-0006){ref-type="ref"}). The gelling mechanism of pectins includes several types of bonds: OH hydrogen bonds, NH~2~ hydrogen bonds, CH~3~ hydrophobic bonds, Na/K/Ca binding and the specific Ca‐binding mechanism of gelation for LMP based on the 'egg‐box' mechanism, in which a section of two pectin chains, which must be free of ester groups (homogalacturonic 'smooth regions' of different chains), is held together by a number of calcium ions (Einhorn‐Stoll et al., [2014](#efs24866-bib-0040){ref-type="ref"}).

Long‐term storage of citrus pectins under different humidity conditions at room temperature or a two‐week period at high temperature (60°C) and humidity (80%) (Joye and Luzio, [2000](#efs24866-bib-0087){ref-type="ref"}), altered the molecular parameters and some of the properties of the pectins in a large extent. Among these, browning, demethoxylation and depolymerisation can occur, resulting in an increased number of hydrophilic carboxyl and hydroxyl groups. This increase in the number of hydrophilic groups might increase their water‐binding capacity. Furthermore, the behaviour in thermal analysis and dissolution and the gel formation properties can be altered (May, [1990](#efs24866-bib-0106){ref-type="ref"}; Joye and Luzio, [2000](#efs24866-bib-0087){ref-type="ref"}).

The pectin--water interactions and their water‐binding capacity are influenced by the number and type of hydrophilic groups. In a carbohydrate polymer, each hydrophilic group can bind about one molecule of non‐freezing water (Hatakeyama and Hatakeyama, [1998](#efs24866-bib-0057){ref-type="ref"}; Einhorn‐Stoll et al., [2012](#efs24866-bib-0039){ref-type="ref"}). Pectins from different suppliers, produced from varying raw materials and under different processing conditions have also varying properties and water‐binding behaviour. In a study performed by Einhorn‐Stoll et al. ([2014](#efs24866-bib-0040){ref-type="ref"}) in eight commercial pectins from three suppliers (three high‐methoxylated pectin (HMP) and five low‐methoxylated pectin (LMP)) stored in a chamber at 60°C and 80% humidity, the water content was, as expected, higher for HMP than LMP, and varied depending on the supplier. It was also reported that water‐binding was determined not only by molecular structure but also by pectin material properties, such as particle size and morphology, surface area and porosity. These properties depend on the preparation conditions.

Pectin is a negatively charged polysaccharide and therefore it can be used in milk drinks to avoid protein aggregation (flocculation) through its adsorption onto the casein micelles (Maroziene and de Kruif, [2000](#efs24866-bib-0104){ref-type="ref"}) which is strongly depending on pH, starting at pH 5.0 (Tuinier et al., [2002](#efs24866-bib-0165){ref-type="ref"}). It has been demonstrated that, in pectins with a degree of esterification (DE) of 61 ± 1% and in reconstituted milk from low‐heat skim milk powder, the attachment of pectin onto casein micelles is driven by electrosorption in multilayers, with thickness increasing as the pH decreases in the range of 3,5--5 (Tuinier et al., [2002](#efs24866-bib-0165){ref-type="ref"}). These authors also demonstrated the thermodynamic incompatibility of casein micelles/pectin mixture above pH 5 and the adsorption of pectins on casein micelles, leading to stabilisation below pH 5.

Kratchanova et al. ([2004](#efs24866-bib-0096){ref-type="ref"}) have investigated the interaction of pectin with amino acids and other amino compounds in aqueous solution, demonstrating that pectin can interact with some amino acids as lysine, methyl glycine, guanidine and some amines at different temperatures. The authors stated that amidation or hydrolysis of the pectin ester groups, decarboxylation of free carboxyl groups, β‐elimination or hydrolysis of glycosidic bonds can occur also during thermal treatment of pectins and protein‐rich plant raw materials. The authors also showed the effect of microwave heating on the alcohol‐insoluble residue of peas that resulted in a reduction of the free amino groups of proteins.

Kar and Arslan ([1999a](#efs24866-bib-0088){ref-type="ref"}) have studied the effect of sugars such as dextrose and maltose on the viscosity of pectin solutions. Pectin was obtained from orange peel with a DE of 74.46%, and therefore was a high‐methoxyl and rapid‐set pectin. Pectin was dissolved in a 0.1 M sodium phosphate buffer (pH = 7) and the pectin solutions were mixed with sugars to give solutions with a sugar content of 0--50 g/100 g. Maltose and dextrose increased the viscosity of the pectin solution up to a sugar concentration of 30%, through the formation of aggregates of pectin molecules. This is either due to polyhydroxyl combinations by the formation of cross‐linking hydrogen bonds between the hydroxyl groups of pectin and those of sugars, or to the dehydrating action of sugars, that prevents water from taking part in the hydrogen bonding with pectin, allowing pectin molecules to form cross‐linked bonds. The effect of dextrose in increasing pectin viscosity is higher than that of maltose, as this last one contains less primary alcohols that are more reactive.

To study the effect of L‐ascorbic acid on the viscosity of pectic solutions, the pectic solutions (0.1 M in phosphate buffer at pH = 7) were mixed with [l]{.smallcaps}‐ascorbic acid to give solutions with final concentrations of 0.33--3.3 mM [l]{.smallcaps}‐ascorbic acid (Kar and Arslan, [1999b](#efs24866-bib-0089){ref-type="ref"}). Orange peel pectin degrades due to the depolymerisation effect of [l]{.smallcaps}‐ascorbic acid, resulting in an increase in the specific fluidity of the pectin solution. The higher the concentration, the greater the increase. The specific viscosity of the pectin solution in the presence of 3.3 mM [l]{.smallcaps}‐ascorbic acid decreased by 66.7% after 2 h compared with the control solution. The oxidation of pectins by reducing agents such as [l]{.smallcaps}‐ascorbic acid in aqueous media is considered to be a free radical reaction, being the free radicals produced responsible for the depolymerisation.

Gelation of LMP with a degree of methylation of 50% is induced by lowering the temperature in the presence of Ca^2+^. It is caused by complexation of sections of two different pectin chains with the ions (Garnier et al., [1993](#efs24866-bib-0047){ref-type="ref"}). LMP can also gel in the absence of Ca^2+^ by lowering the pH below \~ 3.3 (Gilsenan et al., [2000](#efs24866-bib-0050){ref-type="ref"}). According to a study by Capel et al. ([2006](#efs24866-bib-0012){ref-type="ref"}) on the gelation of LMP and partially amidated LMP as a function of pH and Ca^2+^ concentration, the acid‐induced gelation occurs below pH 3.5, while the gelation induced by calcium is most effective at pH \> 4.5. In the intermediate range, both types of gelation occur. The acid‐induced gelation is enhanced by amidation.

Stability of pectin is depending on temperature and pH. Pectin has optimal stability at pH 3.5--4.0. Under acidic conditions and low temperatures, deacetylation, demethoxylation and hydrolysis of the polymer chain occur, while at temperatures above 50°C, cleavage of the glycosidic linkages becomes predominant (Pilnik and Voragen, [1992](#efs24866-bib-0132){ref-type="ref"}; Voragen, [2007](#efs24866-bib-0167){ref-type="ref"}).

In a shelf‐life stability test, three samples of high ester pectin were stored at 5, 25 and 40°C, and characteristic parameters were monitored during a period of 26--50 weeks. After 40 weeks, the DE had decreased by 10% at 40°C, while the samples stored at 5°C and 25°C were stable. After 49 weeks, viscosity had decreased by 40% at 40°C and by 5% at 25°C, while the sample stored at 5°C was stable. After 26 weeks, the gelling power had decreased by 10% at 40°C, while the pectin stored at 5°C and 25°C was stable (IPPA, 2010). In conclusion, the shelf‐life of pectins' functionality is at least 25 weeks when stored at the recommended conditions (room temperature).

In a study on non‐enzymatic degradation, citrus pectin and pectate with degrees of esterification of 93% and \< 5%, buffered from pH 4.0 to 8.5, were heated at 75, 85, 95 and 110°C for 300 min (Diaz et al., [2007](#efs24866-bib-0020){ref-type="ref"}). The major degradation mechanism was acid hydrolysis for pectate and β‐elimination for pectin. A summary of the observed changes is given in Table [2](#efs24866-tbl-0002){ref-type="table"}.

###### 

Effect of pH and heat (95°C) on pectate and pectin (Diaz et al., [2007](#efs24866-bib-0020){ref-type="ref"})

            Loss of viscosity (%)   Loss of molecular weight (%)        
  --------- ----------------------- ------------------------------ ---- ----
  Pectate   40                      20                             80   70
  Pectin    20                      60                             40   84
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3.2. Authorised uses and use levels {#efs24866-sec-0025}
-----------------------------------

Maximum levels of pectins (E 440) have been defined in Annex II to Regulation (EC) No 1333/2008 on food additives, as amended. In this document, these levels are named maximum permitted levels (MPLs).

Currently, pectin (E 440i) and amidated pectin (E 440ii) are authorised food additives in the EU at *quantum satis* (QS) in almost all food categories listed in Table [3](#efs24866-tbl-0003){ref-type="table"}, apart from foods for infants and young children, fruit juices and fruit nectars (at levels of 3,000 up to 10,000 mg/kg). Pectin (E 440i) and amidated pectin (E 440ii) are included in the Group I of food additives authorised at QS.

Table [3](#efs24866-tbl-0003){ref-type="table"} summarises foods that are permitted to contain pectin (E 440i) and amidated pectin (E 440ii) and the corresponding MPLs as set by Annex II to Regulation (EC) No 1333/2008.

###### 

MPLs of pectins (E 440) in foods according to Annex II to Regulation (EC) No 1333/2008

  Food category number                          Food category name                                                                                                                                     E‐number/group   Restrictions/exceptions                                                                                MPL (mg/L or mg/kg as appropriate)
  --------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------- ------------------------------------------------------------------------------------------------------ -----------------------------------------------
  01.3                                          Unflavoured fermented milk products, heat‐treated after fermentation                                                                                   Group I                                                                                                                 QS
  01.4                                          Flavoured fermented milk products including heat‐treated products                                                                                      Group I                                                                                                                 QS
  01.6.2                                        Unflavoured live fermented cream products and substitute products with a fat content of less than 20%                                                  E 440                                                                                                                   QS
  01.6.3                                        Other creams                                                                                                                                           Group I                                                                                                                 QS
  01.7.1                                        Unripened cheese excluding products falling in category 16                                                                                             Group I          Except mozzarella                                                                                      QS
  01.7.5                                        Processed cheese                                                                                                                                       Group I                                                                                                                 QS
  01.7.6                                        Cheese products (excluding products falling in category 16)                                                                                            Group I                                                                                                                 QS
  01.8                                          Dairy analogues, including beverage whiteners                                                                                                          Group I                                                                                                                 QS
  02.2.2                                        Other fat and oil emulsions including spreads as defined by Council Regulation (EC) No 1234/2007 and liquid emulsions                                  Group I                                                                                                                 QS
  02.3                                          Vegetable oil pan spray                                                                                                                                Group I                                                                                                                 QS
  03                                            Edible ices                                                                                                                                            Group I                                                                                                                 QS
  04.2.1                                        Dried fruit and vegetables                                                                                                                             Group I                                                                                                                 QS
  04.2.2                                        Fruit and vegetables in vinegar, oil, or brine                                                                                                         Group I                                                                                                                 QS
  04.2.4.1                                      Fruit and vegetable preparations excluding compote                                                                                                     Group I                                                                                                                 QS
  04.2.4.2                                      Compote, excluding products covered by category 16                                                                                                     E 440            Only fruit compote other than apple                                                                    QS
  04.2.5.1                                      Extra jam and extra jelly as defined by Directive 2001/113/EC                                                                                          E 440                                                                                                                   QS
  04.2.5.2                                      Jam, jellies and marmalades and sweetened chestnut purée as defined by Directive 2001/113/EC                                                           E 440                                                                                                                   QS
  04.2.5.3                                      Other similar fruit or vegetable spreads                                                                                                               E 440                                                                                                                   QS
  04.2.5.4                                      Nut butters and nut spreads                                                                                                                            Group I                                                                                                                 QS
  04.2.6                                        Processed potato products                                                                                                                              Group I                                                                                                                 QS
  05.1                                          Cocoa and Chocolate products as covered by Directive 2000/36/EC                                                                                        E 440            As glazing agent only                                                                                  QS
  05.1                                          Cocoa and Chocolate products as covered by Directive 2000/36/EC                                                                                        Group I          Only energy‐reduced or with no added sugar                                                             QS
  05.2                                          Other confectionery including breath freshening microsweets[a](#efs24866-note-0008){ref-type="fn"}                                                     Group I                                                                                                                 QS
  05.3                                          Chewing gum                                                                                                                                            Group I                                                                                                                 QS
  05.4                                          Decorations, coatings and fillings, except fruit‐based fillings covered by category 4.2.4                                                              Group I                                                                                                                 QS
  06.2.2                                        Starches                                                                                                                                               Group I                                                                                                                 QS
  06.3                                          Breakfast cereals                                                                                                                                      Group I                                                                                                                 QS
  06.4.2                                        Dry pasta                                                                                                                                              Group I          Only gluten free and/or pasta intended for hypoproteic diets in accordance with Directive 2009/39/EC   QS
  06.4.4                                        Potato gnocchi                                                                                                                                         Group I          Except fresh refrigerated potato gnocchi                                                               QS
  06.4.5                                        Fillings of stuffed pasta (ravioli and similar)                                                                                                        Group I                                                                                                                 QS
  06.5                                          Noodles                                                                                                                                                Group I                                                                                                                 QS
  06.6                                          Batters                                                                                                                                                Group I                                                                                                                 QS
  06.7                                          Pre‐cooked or processed cereals                                                                                                                        Group I                                                                                                                 QS
  07.1                                          Bread and rolls                                                                                                                                        Group I          Except products in 7.1.1 and 7.1.2                                                                     QS
  07.2                                          Fine bakery wares                                                                                                                                      Group I                                                                                                                 QS
  08.3.1                                        Non‐heat‐treated meat products                                                                                                                         Group I                                                                                                                 QS
  08.3.2                                        Heat‐treated meat products                                                                                                                             Group I          Except *foie gras, foie gras entier, blocs de foie gras, Libamáj, libamáj egészben, libamáj tömbben*   QS
  08.3.3                                        Casings and coatings and decorations for meat                                                                                                          Group I                                                                                                                 QS
  09.2                                          Processed fish and fishery products including molluscs and crustaceans                                                                                 Group I                                                                                                                 QS
  09.3                                          Fish roe                                                                                                                                               Group I          Only processed fish roe                                                                                QS
  10.2                                          Processed eggs and egg products                                                                                                                        Group I                                                                                                                 QS
  11.2                                          Other sugars and syrups                                                                                                                                Group I                                                                                                                 QS
  11.4.1                                        Table‐top sweeteners in liquid form                                                                                                                    E 440                                                                                                                   QS
  11.4.2                                        Table‐top sweeteners in powder form                                                                                                                    E 440                                                                                                                   QS
  11.4.3                                        Table‐top sweeteners in tablets                                                                                                                        E 440                                                                                                                   QS
  12.1.2                                        Salt substitutes                                                                                                                                       Group I                                                                                                                 QS
  12.2.2                                        Seasonings and condiments                                                                                                                              Group I                                                                                                                 QS
  12.3                                          Vinegars                                                                                                                                               Group I                                                                                                                 QS
  12.4                                          Mustard                                                                                                                                                Group I                                                                                                                 QS
  12.5                                          Soups and broths                                                                                                                                       Group I                                                                                                                 QS
  12.6                                          Sauces                                                                                                                                                 Group I                                                                                                                 QS
  12.7                                          Salads and savoury‐based sandwich spreads                                                                                                              Group I                                                                                                                 QS
  12.8                                          Yeast and yeast products                                                                                                                               Group I                                                                                                                 QS
  12.9                                          Protein products, excluding products covered in category 1.8                                                                                           Group I                                                                                                                 QS
  13.1.2                                        Follow‐on formulae as defined by Directive 2006/141/EC                                                                                                 E 440            Only acidified follow‐on formulae                                                                      5,000
  13.1.3                                        Processed cereal‐based foods and baby foods for infants and young children as defined by Directive 2006/125/EC                                         E 440            Only processed cereal‐based foods and baby foods                                                       10,000[b](#efs24866-note-0009){ref-type="fn"}
  13.1.3                                        Processed cereal‐based foods and baby foods for infants and young children as defined by Directive 2006/125/EC                                         E 440            Only gluten‐free cereal‐based foods                                                                    20,000
  13.1.4                                        Other foods for young children                                                                                                                         E 440                                                                                                                   5,000[b](#efs24866-note-0009){ref-type="fn"}
  13.1.5.1                                      Dietary foods for infants for special medical purposes and special formulae for infants                                                                E 440            From birth onwards in products used in case of gastrointestinal disorders                              10,000
  13.1.5.2                                      Dietary foods for babies and young children for special medical purposes as defined in Directive 1999/21/EC                                            E 440            From birth onwards in products used in case of gastrointestinal disorders                              10,000
  13.2                                          Dietary foods for special medical purposes defined in Directive 1999/21/EC (excluding products from food category 13.1.5)                              Group I                                                                                                                 QS
  13.3                                          Dietary foods for weight control diets intended to replace total daily food intake or an individual meal (the whole or part of the total daily diet)   Group I                                                                                                                 QS
  13.4                                          Foods suitable for people intolerant to gluten as defined by Regulation (EC) No 41/2009                                                                Group I          Including dry pasta                                                                                    QS
  14.1.2                                        Fruit juices as defined by Directive 2001/112/EC and vegetable juices                                                                                  E 440            Only pineapple and passion fruit juice                                                                 3,000
  14.1.2                                        Fruit juices as defined by Directive 2001/112/EC and vegetable juices                                                                                  Group I          Only vegetable juices                                                                                  QS
  14.1.3                                        Fruit nectars as defined by Directive 2001/112/EC and vegetable nectars and similar products                                                           E 440            Only pineapple and passion fruit                                                                       3,000
  14.1.3                                        Fruit nectars as defined by Directive 2001/112/EC and vegetable nectars and similar products                                                           Group I          Only vegetable nectars                                                                                 QS
  14.1.4                                        Flavoured drinks                                                                                                                                       Group I                                                                                                                 QS
  14.1.5.2                                      Other                                                                                                                                                  Group I          Excluding unflavoured leaf tea; including flavoured instant coffee                                     QS
  14.2.3                                        Cider and perry                                                                                                                                        Group I                                                                                                                 QS
  14.2.4                                        Fruit wine and made wine                                                                                                                               Group I                                                                                                                 QS
  14.2.5                                        Mead                                                                                                                                                   Group I                                                                                                                 QS
  14.2.6                                        Spirit drinks as defined in Regulation (EC) No 110/2008                                                                                                Group I          Except whisky or whiskey                                                                               QS
  14.2.7.1                                      Aromatised wines                                                                                                                                       Group I                                                                                                                 QS
  14.2.7.2                                      Aromatised wine‐based drinks                                                                                                                           Group I                                                                                                                 QS
  14.2.7.3                                      Aromatised wine‐product cocktails                                                                                                                      Group I                                                                                                                 QS
  14.2.8                                        Other alcoholic drinks including mixtures of alcoholic drinks with non‐alcoholic drinks and spirits with less than 15% of alcohol                      Group I                                                                                                                 QS
  15.1                                          Potato‐, cereal‐, flour‐ or starch‐based snacks                                                                                                        Group I                                                                                                                 QS
  15.2                                          Processed nuts                                                                                                                                         Group I                                                                                                                 QS
  16                                            Desserts excluding products covered in category 1, 3 and 4                                                                                             Group I                                                                                                                 QS
  17.1[c](#efs24866-note-0010){ref-type="fn"}   Food supplements supplied in a solid form including capsules and tablets and similar forms, excluding chewable forms                                   Group I                                                                                                                 QS
  17.2[c](#efs24866-note-0010){ref-type="fn"}   Food supplements supplied in a liquid form                                                                                                             Group I                                                                                                                 QS
  17.3[c](#efs24866-note-0010){ref-type="fn"}   Food supplements supplied in a syrup‐type or chewable form                                                                                             Group I                                                                                                                 QS
  18                                            Processed foods not covered by categories 1--17, excluding foods for infants and young children                                                        Group I                                                                                                                 QS

MPL: maximum permitted level.

May not be used in jelly mini‐cups.

E 410, E 412, E 414, E 415 and E 440 are authorised individually or in combination.

FCS 17 refers to food supplements as defined in Directive 2002/46/EC of the European Parliament and of the Council, excluding food supplements for infants and young children.
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According to Annex III, Part 1 of Regulation (EC) No 1333/2008, pectin (E 440i) and amidated pectin (E 440ii) are also authorised as carriers in all food additives at QS. According to Annex III, Part 3 of Regulation (EC) No 1333/2008, they are also authorised as food additives (including carriers) in food enzymes at QS.

In addition, according to Annex III, Part 5, Section A of Regulation (EC) No 1333/2008, pectin (E 440i) and amidated pectin (E 440ii) are also authorised to be used as food additives (including carriers) in all nutrients at QS, except for nutrients intended to be used in foodstuffs for infants and young children listed in point 13.1 of Part E of Annex II. However, according to Annex III, Part 5, Section B, they are authorised as food additives in all nutrients intended to be used in foodstuffs for infants and young children listed in point 13.1 of Part E of Annex II under the condition that the maximum level in foods mentioned in point 13.1 is not exceeded. The food categories in which this use is permitted are follow‐on formulae and processed cereal‐based foods and baby foods for infants and young children as defined by Directive 2006/125/EC.

3.3. Exposure data {#efs24866-sec-0026}
------------------

### 3.3.1. Reported use levels or data on analytical levels {#efs24866-sec-0027}

Most food additives in the EU are authorised at a specific MPL. However, a food additive may be used at a lower level than the MPL. Therefore, information on actual use levels is required for performing a more realistic exposure assessment, especially for those food additives for which no MPL is set and which are authorised according to QS.

In the framework of Regulation (EC) No 1333/2008 on food additives and of Commission Regulation (EU) No 257/2010 regarding the re‐evaluation of approved food additives, EFSA issued public calls,[7](#efs24866-note-1013){ref-type="fn"} ^,^ [11](#efs24866-note-1017){ref-type="fn"} for occurrence data (usage level and/or concentration data) on pectins (E 440). In response to these calls, use levels and analytical of data on pectin (E 440i) and amidated pectin (E 440ii) were submitted to EFSA by industry and Member States, respectively.

### 3.3.2. Summarised data on reported use levels in foods provided by industry {#efs24866-sec-0028}

Industry provided EFSA with updated data on use levels of pectin (E 440i) (n = 281) and amidated pectin (E 440ii) (n = 288) in foods for 53 and 38 food categories, respectively, out of the 81 food categories in which they are authorised.

Updated information on the actual use levels of pectin (E 440i) in foods was made available to EFSA by FoodDrinkEurope (FDE) \[Documentation provided to EFSA, n. 5\], the European Dairy Association (EDA) \[Documentation provided to EFSA, n. 2\], the European Federation of Health Products Manufacturers Associations (EHPM) \[Documentation provided to EFSA, n. 3\], the International Pectin Producers' Association (IPPA) \[Documentation provided to EFSA, n. 16\], Specialised Nutrition Europe (SNE) \[Documentation provided to EFSA, n. 20\], the International Chewing Gum Association (ICGA) \[Documentation provided to EFSA, n. 6\] and the Association of the European Self‐Medication Industry (AESGP) \[Documentation provided to EFSA, n. 1\]. Updated information on the actual use levels of amidated pectin (E 440ii) in foods was made available to EFSA by FDE \[Documentation provided to EFSA, n. 5\], IPPA \[Documentation provided to EFSA, n. 16\] and ICGA \[Documentation provided to EFSA, n. 6\].

The Panel noted that a data provider (IPPA) is not a food industry (i.e. using pectins in their food products), but an association of food additive producers. Usage levels reported by food additive producers are not be considered at the same level as those provided by food industry. Food additive producers might recommend usage levels to the food industry, but the final levels might, ultimately, be different. Therefore, unless food additive producers confirm that the recommended levels are used by food industry, they are not considered in the refined exposure scenarios. Data from food additive producers will only be used in the maximum level exposure assessment scenario in case of QS authorisation and when no data are available from food industry. In this way, the most complete exposure estimates are calculated.

Usage levels related to the combination of different food additives, including pectins (E 406, agar; E 407, carrageenan; E 410, locust bean gum; E 412, guar gum; E 415, xanthan gum; E 440, pectins; E 1442, hydroxypropyl distarch phosphate), have been provided to EFSA in previous calls. These data are not presented or used in this opinion, since their use would have required assumptions with respect to the level of pectins compared to the other food additives.

[A](#efs24866-sec-1001){ref-type="sec"}ppendices [A](#efs24866-sec-1001){ref-type="sec"} and [B](#efs24866-sec-1002){ref-type="sec"} provide data on the use levels of pectin (E 440i) and amidated pectin (E 440ii) in foods as reported by industry.

### 3.3.3. Summarised data on concentration levels in food provided by Member States {#efs24866-sec-0029}

In total, 20 analytical results were reported to EFSA by one country: Germany (n = 20). These data were referring to the food category FCS 14.1.2 (Fruit juices as defined by Directive 2001/112/EC and vegetable juices). Foods were sampled between 2010 and 2011 and all of them were analysed the year that they were collected.

Complete information on the methods of analysis (e.g. validation) was not made available to EFSA, but all samples were analysed in accredited laboratories. The Panel noted that one analytical result was reported in orange juice, in which pectins (E 440) are not authorised for direct addition, according to Annex II of Regulation (EC) No 1333/2008. It should, however, be noted that pectin is a natural constituent of citrus fruit (peel).

Overall, 19 analytical results reported for pectin (E 440i) in foods were considered by the Panel in the exposure assessment.

Appendix [C](#efs24866-sec-1003){ref-type="sec"} shows the analytical results of pectins (E 440) in foods as reported by Member States.

### 3.3.4. Summarised data extracted from the Mintel Global New Products Database {#efs24866-sec-0030}

The Mintel GNPD is an online database which monitors product introductions in consumer packaged goods markets worldwide. It contains information of over 2 million food and beverage products of which more than 900,000 are or have been available on the European food market. Mintel started covering EU\'s food markets in 1996, currently having 20 out of its 28 member countries and Norway presented in the Mintel GNPD.[12](#efs24866-note-1018){ref-type="fn"}

For the purpose of this Scientific Opinion, the Mintel GNPD[13](#efs24866-note-1019){ref-type="fn"} was used for checking the labelling of products containing pectins (E 440) within the EU\'s food products, as the Mintel GNPD shows the compulsory ingredient information presented in the labelling of products. The Panel noted that within the Mintel GNPD, the labelling of products with pectin (E 440i) or amidated pectin (E 440ii) is not differentiated.

According to Mintel, 463,856 foods, drinks and food supplement products were labelled with pectins (E 440) between 2011 and 2016.

Appendix [D](#efs24866-sec-1004){ref-type="sec"} presents the percentage of the food products labelled with E 440 between 2011 and 2016, out of the total number of food products per food subcategory according to the Mintel food classification.

### 3.3.5. Food consumption data used for exposure assessment {#efs24866-sec-0031}

#### 3.3.5.1. EFSA Comprehensive European Food Consumption Database {#efs24866-sec-0032}

Since 2010, the EFSA Comprehensive European Food Consumption Database (Comprehensive Database) has been populated with national data on food consumption at a detailed level. Competent authorities in the European countries provide EFSA with data on the level of food consumption by the individual consumer from the most recent national dietary survey in their country (cf. Guidance of EFSA on the 'Use of the EFSA Comprehensive European Food Consumption Database in Exposure Assessment' (EFSA, [2011a](#efs24866-bib-0028){ref-type="ref"}). New consumption surveys recently[14](#efs24866-note-1020){ref-type="fn"} added in the Comprehensive database were also taken into account in this assessment.[9](#efs24866-note-1015){ref-type="fn"}

The food consumption data gathered by EFSA were collected by different methodologies and thus direct country‐to‐country comparisons should be interpreted with caution. Depending on the food category and the level of detail used for exposure calculations, uncertainties could be introduced owing to possible subjects' underreporting and/or misreporting of the consumption amounts. Nevertheless, the EFSA Comprehensive Database represents the best available source of food consumption data across Europe at present.

Food consumption data from the following population groups: infants, toddlers, children, adolescents, adults and the elderly were used for the exposure assessment. For the present assessment, food consumption data were available from 33 different dietary surveys carried out in 19 European countries (Table [4](#efs24866-tbl-0004){ref-type="table"}).

###### 

Population groups considered for the exposure estimates of pectins (E 440)

  Population                                           Age range                                                      Countries with food consumption surveys covering more than 1 day
  ---------------------------------------------------- -------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------
  Infants                                              From more than 12 weeks up to and including 11 months of age   Bulgaria, Denmark, Finland, Germany, Italy, UK
  Toddlers                                             From 12 months up to and including 35 months of age            Belgium, Bulgaria, Denmark, Finland, Germany, Italy, Netherlands, Spain, UK
  Children[a](#efs24866-note-0011){ref-type="fn"}      From 36 months up to and including 9 years of age              Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland, France, Germany, Greece, Italy, Latvia, Netherlands, Spain, Sweden, UK
  Adolescents                                          From 10 years up to and including 17 years of age              Austria, Belgium, Cyprus, Czech Republic, Denmark, Finland, France, Germany, Italy, Latvia, Spain, Sweden, UK
  Adults                                               From 18 years up to and including 64 years of age              Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany, Hungary, Ireland, Italy, Latvia, Netherlands, Romania, Spain, Sweden, UK
  The elderly[a](#efs24866-note-0011){ref-type="fn"}   From 65 years of age and older                                 Austria, Belgium, Denmark, Finland, France, Germany, Hungary, Ireland, Italy, Romania, Sweden, UK

The terms 'children' and 'the elderly' correspond, respectively, to 'other children' and the merge of 'elderly' and 'very elderly' in the Guidance of EFSA on the 'Use of the EFSA Comprehensive European Food Consumption Database in Exposure Assessment' (EFSA, [2011a](#efs24866-bib-0028){ref-type="ref"}).
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Consumption records were codified according to the FoodEx classification system (EFSA, [2011b](#efs24866-bib-0029){ref-type="ref"}). Nomenclature from the FoodEx classification system has been linked to the food categorisation system (FCS) as presented in Annex II of Regulation (EC) No 1333/2008, part D, to perform exposure estimates. In practice, the FoodEx food codes were matched to the FCS food categories.

#### 3.3.5.2. Food categories selected for the exposure assessment of pectins (E 440) {#efs24866-sec-0033}

The food categories in which the use of pectins (E 440) is authorised were selected from the nomenclature of the EFSA Comprehensive Database (FoodEx classification system), at the most detailed level possible (up to FoodEx Level 4) (EFSA, [2011b](#efs24866-bib-0029){ref-type="ref"}).

Some food categories are not referenced in the EFSA Comprehensive Database and could therefore not be taken into account in the present estimate. This was the case for 12 food categories (Appendix [E](#efs24866-sec-1005){ref-type="sec"}) and may have resulted in an underestimation of the exposure. The food categories which were not taken into account are described below (in ascending order of the FCS codes): 02.3 Vegetable oil pan spray04.2.5.1 Extra jam and extra jelly as defined by Directive 2001/113/EC06.4.4 Potato gnocchi06.4.5 Fillings of stuffed pasta (ravioli and similar)06.6 Batters06.7 Pre‐cooked or processed cereals08.3.3 Casings and coatings and decorations for meat12.1.2 Salt substitutes14.1.3 Fruit nectars as defined by Directive 2001/112/EC and vegetable nectars and similar products, only vegetable nectars14.2.5 Mead14.2.7.2 Aromatised wine‐based drinks14.2.7.3 Aromatised wine‐product cocktails

Foods for special medical purposes (FSMP) (FC 13.2 and FC 13.3) could not be considered because of very limited information on consumption levels being available in the EFSA Comprehensive database.

For the following food categories, the restrictions/exceptions which apply to the use of pectins (E 440) could not be taken into account, and therefore, the whole food category was considered in the exposure assessment. This applies to six food categories (Appendix [E](#efs24866-sec-1005){ref-type="sec"}) and may have resulted in an overestimation of the exposure: 05.1. Cocoa and cocoa products, only energy‐reduced or with no added sugar and as glazing agent only06.4.2 Dry Pasta, only gluten free and/or pasta intended for hypoproteic diets in accordance with Directive 2009/39/EC08.3.2 Heat‐treated meat products, except *foie gras*,*foie gras entier*,*blocs de foie gras*,*Libamáj*,*libamáj egészben*,*libamáj tömbben*09.3 Fish roe, only processed fish roe11.4.1/11.4.2/11.4.3 Table‐top sweeteners in liquid form, powder form and in tablets17.1/17.2/17.3 Food supplements, in solid, liquid, syrup‐type or chewable form.

No information on the usage levels of pectins (E 440) has been reported to EFSA for the following 18 food categories and therefore, these could not be taken into account (Appendix [E](#efs24866-sec-1005){ref-type="sec"}). This may have resulted in an underestimation of the exposure, if E 440 is used in these food categories. Comparing these food categories with the data extracted from the Mintel database (information on the use of E 440 was found for categories: 04.2.5.4, 06.5, 11.2, 12.3, 12.7, 14.1.2, 14.1.3, 15.1, 15.2), the Panel noted that the use of pectins in these food categories was limited (Appendix [E](#efs24866-sec-1005){ref-type="sec"}): 04.2.1 Dried fruit and vegetables04.2.5.4 Nut butters and nut spreads06.2.2 Starches06.5 Noodles10.2 Processed eggs and egg products11.2 Other sugars and syrups12.3 Vinegars12.4 Mustard12.7 Salads and savoury‐based sandwich spreads12.8 Yeast and yeast products13.1.5.1 Dietary foods for infants for special medical purposes and special formulae for infants13.1.5.2 Dietary foods for babies and young children for special medical purposes as defined in Directive 1999/21/EC14.1.2 Fruit juices as defined by Directive 2001/112/EC and vegetable juices, only vegetable juices14.1.3 Fruit nectars as defined by Directive 2001/112/EC and vegetable nectars and similar products, only vegetable nectars14.1.5.2 Other, excluding unflavoured leaf tea; including flavoured instant coffee14.2.7.1 Aromatised wines15.1 Potato‐, cereal‐, flour‐ or starch‐based snacks15.2 Processed nuts

Considering that the FC 18 (Processed foods not covered by categories 1--17, excluding foods for infants and young children) is extremely unspecific (e.g. composite foods), processed foods prepared or composite dishes belonging to the FC 18 were reclassified under other food categories in accordance to their main component. Therefore, FC 18 is not taken into account as a contributor to the total exposure estimates.

Overall, 12 food categories were not taken into account in the exposure assessment because these are not referenced in the EFSA Comprehensive Database. Six food categories were included in the exposure assessment without considering the restrictions/exceptions as set in Annex II to Regulation (EC) No 1333/2008. Eighteen food categories were not taken into account because no information on the usage levels of pectins (E 440) has been reported to EFSA. For the refined exposure assessment scenario, 19 additional food categories were not taken into account because only concentration data provided by food additives manufacturers were made available to EFSA. For the remaining food categories, the refinements considering the restrictions/exceptions as set in Annex II to Regulation No 1333/2008 were applied.

Overall, for the maximum level exposure assessment scenario, 44 food categories were included, while for the refined exposure assessment scenarios, 23 food categories were included in the present exposure assessment to pectins (E 440) (Appendix [E](#efs24866-sec-1005){ref-type="sec"}).

3.4. Exposure estimates {#efs24866-sec-0034}
-----------------------

### 3.4.1. Exposure to pectins (E 440) from their use as food additives {#efs24866-sec-0035}

The Panel estimated chronic exposure to pectins (E 440) for the following population groups: infants, toddlers, children, adolescents, adults and the elderly. A combined dietary exposure estimate was calculated for pectins (E 440), by selecting within each food category the highest level among the levels of each of the two types of pectins (E 440i and E 440ii).

Dietary exposure to pectins (E 440) was calculated by multiplying pectins (E 440) concentrations for each food category (Appendix [E](#efs24866-sec-1005){ref-type="sec"}) with their respective consumption amount per kilogram of body weight for each individual in the Comprehensive Database. The exposure per food category was subsequently added to derive an individual total exposure per day. These exposure estimates were averaged over the number of survey days, resulting in an individual average exposure per day for the survey period. Dietary surveys with only one day per subject were excluded, as they are considered as not adequate to assess repeated exposure.

This was carried out for all individuals per survey and per population group, resulting in distributions of individual exposure per survey and population group (Table [4](#efs24866-tbl-0004){ref-type="table"}). On the basis of these distributions, the mean and 95th percentiles of exposure were calculated per survey and per population group. The 95th percentile of exposure was only calculated for those population groups where the sample size was sufficiently large to allow this calculation (EFSA, [2011a](#efs24866-bib-0028){ref-type="ref"}). Therefore, in the present assessment, the 95th percentile of exposure for infants from Italy and for toddlers from Belgium, Italy and Spain were not included.

Exposure assessment to pectins (E 440) was carried out by the ANS Panel based on two different sets of concentration data: (1) maximum levels of use reported to EFSA (defined as the maximum level exposure assessment scenario) and (2) reported use levels and/or analytical data (defined as the refined exposure assessment scenarios). These two scenarios are discussed in detail below.

These scenarios do not consider the consumption of food supplements (FC 17.1, FC 17.2 and FC 17.3), which is covered in an additional refined exposure scenario detailed below (food supplements consumers only scenario).

As pectins (E 440) are also authorised in the food categories 13.1.5.1 and 13.1.5.2, an exposure assessment scenario taking into account these two food categories was performed to estimate the exposure of infants and toddlers who may eat and drink FSMP.

The consumption of FSMP is not reported in the EFSA Comprehensive database. To consider the exposure to food additives via consumption of these foods, the Panel assumed that the amount of FSMP consumed by infants and toddlers resembles that of comparable foods consumed by infants and toddlers from the general population. Thus, the consumption of FSMP categorised as FC 13.1.5 is assumed to be equal to that of formulae and food products categorised under food categories 13.1.2, 13.1.3 and 13.1.4.

FSMP consumed by other population groups (children, adolescents, adults and the elderly) may be very diverse; they cannot be considered because of very limited information on consumption and use levels.

A possible additional exposure to pectins (E 440) from their use directly by the consumer (adding pectins to thicken foods, e.g. jams, marmalades) and from their use as food additives authorised in accordance with Annex III to Regulation (EC) No 1333/2008 were not considered in any of the above exposure assessment scenarios.

#### 3.4.1.1. Maximum level exposure assessment scenario {#efs24866-sec-0036}

The regulatory maximum level exposure assessment scenario is based on the MPLs as set in Annex II to Regulation (EC) No 1333/2008. As pectins (E 440) are authorised at QS in almost all food categories, a 'maximum level exposure assessment' scenario was estimated based on the maximum reported use levels provided by food industry or food additive producers, excluding exposure via food supplements and FSMP, as described in the EFSA Conceptual framework (EFSA ANS Panel, [2014](#efs24866-bib-0032){ref-type="ref"}). An additional scenario for FSMP consumers only was estimated as follows: Consumers only of FSMP were assumed to be exposed to pectins (E 440) present at the maximum reported use level (data provided by food additive producers, reported values equal to the MPL) on a daily basis via consumption of the food categories 13.1.5.1 and 13.1.5.2. For the remaining food categories, the maximum reported use levels were used.

The Panel considers the exposure estimates derived following this scenario as the most conservative, as it is assumed that the population group will be exposed to pectins (E 440) present in food at the maximum reported use levels over a longer period of time, assuming that pectins are only used in the food categories for which data were submitted.

#### 3.4.1.2. Refined exposure assessment scenarios {#efs24866-sec-0037}

The refined exposure assessment scenarios are based on use levels reported by food industry and analytical results reported by Member States (for one FC: 14.1.2). These exposure scenarios can consider only food categories for which the above data were available to the Panel.

Appendix [E](#efs24866-sec-1005){ref-type="sec"} summarises the concentration levels of pectins (E 440) used in the refined exposure assessment scenarios. Based on the available dataset, the Panel calculated two refined exposure estimates based on different model populations: The brand‐loyal consumer scenario: It was assumed that a consumer is exposed long‐term to pectins (E 440) present at the maximum reported use/analytical level for one food category. This exposure estimate is calculated as follows:1---  Combining food consumption with the maximum of the reported use levels for the main contributing food category at the individual level.2---  Using the mean of the typical reported use levels for the remaining food categories. For FC 14.1.2, and specifically for pineapple fruit juice, the P75 of the analytical results was used for the exposure calculation (EFSA, [2011a](#efs24866-bib-0028){ref-type="ref"}).The non‐brand‐loyal consumer scenario: It was assumed that a consumer is exposed long‐term to pectins (E 440) present at the mean reported use/analytical levels in food. This exposure estimate is calculated using the mean of the typical reported use levels or the mean of analytical results for all food categories.'Food supplement consumers only' scenario: This scenario is estimated as follows:1---  Consumers only of food supplements were assumed to be exposed to pectins (E 440) present at the maximum reported use level on a daily basis via consumption of food supplements. For the remaining food categories, the mean of the typical reported use levels was used.

As FC 17 does not consider food supplements for infants and toddlers, as defined in the legislation, exposure to pectins (E 440) from food supplements was not estimated for these two population groups.

#### 3.4.1.3. Dietary exposure to pectins (E 440) {#efs24866-sec-0038}

Table [5](#efs24866-tbl-0005){ref-type="table"} summarises the estimated exposure to pectins (E 440) from their use as food additives in the different population groups (Table [4](#efs24866-tbl-0004){ref-type="table"}) according to the different exposure scenarios (Section [3.4.1](#efs24866-sec-0035){ref-type="sec"}). Detailed results per population group and survey are presented in Appendix [F](#efs24866-sec-1006){ref-type="sec"}.

###### 

Summary of anticipated exposure to pectins (E 440) from their use as food additives in the maximum level exposure assessment scenario and in the refined exposure scenarios, in the different population groups (minimum--maximum across the dietary surveys in mg/kg bw per day)

                                                       Infants (12 weeks--11 months)   Toddlers (12--35 months)   Children (3--9 years)   Adolescents (10--17 years)   Adults (18--64 years)   The elderly (≥ 65 years)
  ---------------------------------------------------- ------------------------------- -------------------------- ----------------------- ---------------------------- ----------------------- --------------------------
  **Maximum level exposure assessment scenario**                                                                                                                                               
  Mean                                                 27.2--170.6                     91.7--320.0                54.7--268.8             33.7--117.1                  20.9--70.7              16.0--61.6
  95th percentile                                      64.8--628.9                     272.4--549.4               112.0--518.4            66.1--233.7                  45.9--142.9             36.1--116.3
  **Refined estimated exposure assessment scenario**                                                                                                                                           
  **Brand‐loyal scenario**                                                                                                                                                                     
  Mean                                                 5.4--43.6                       29.8--167.9                23.0--146.1             10.8--66.3                   6.1--32.3               4.3--20.8
  95th percentile                                      41.7--215.5                     112.1--442.0               65.8--380.1             31.9--150.7                  23.3--83.6              17.0--55.4
  **Non‐brand‐loyal scenario**                                                                                                                                                                 
  Mean                                                 2.5--37.6                       19.7--99.5                 16.2--87.7              8.9--46.5                    4.3--22.6               2.8--15.6
  95th percentile                                      25.4--215.5                     61.9--232.4                41.5--204.8             25.0--100.7                  14.9--58.5              10.8--41.7
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From the *maximum level exposure assessment scenario*, mean exposure to pectins (E 440) from their use as food additives ranged from 16.0 mg/kg bw per day in the elderly to 320.0 mg/kg bw per day in toddlers. The 95th percentile of exposure to pectins (E 440) ranged from 36.1 mg/kg bw per day in the elderly to 628.9 mg/kg bw per day in infants.

From the *refined estimated exposure assessment scenario, in the brand‐loyal scenario*, mean exposure to pectins (E 440) from their use as food additives ranged from 4.3 mg/kg bw per day in the elderly to 167.9 mg/kg bw per day in toddlers. The 95th percentile of exposure to pectins (E 440) ranged from 17.0 mg/kg bw per day in the elderly to 442.0 mg/kg bw per day in toddlers.

In the *non‐brand‐loyal scenario*, mean exposure to pectins (E 440) from their use as food additives ranged from 2.5 mg/kg bw per day in infants to 99.5 mg/kg bw per day in toddlers. The 95th percentile of exposure to pectins (E 440) ranged from 10.8 mg/kg bw per day in the elderly to 232.4 mg/kg bw per day in toddlers.

From the *exposure scenario taking into account the foods for special medical purposes*, for consumers only, mean exposure to pectins (E 440) from their use as food additives ranged from 111 mg/kg bw per day to 897 mg/kg bw per day for infants and from 93 mg/kg bw per day to 516 mg/kg bw per day for toddlers. The 95th percentile of exposure to pectins (E 440) for infants ranged from 797 mg/kg bw per day to 1,349 mg/kg bw per day, and for toddlers, from 364 mg/kg bw per day to 831 mg/kg bw per day. The food categories contributing the most at the exposure to pectins (E 440) at the mean, for infants, were foods for infants and young children, and unflavoured and flavoured fermented milk products for toddlers.

From the *refined estimated exposure scenario taking into account the consumption of food supplements*, for consumers only, among children, adolescents, adults and the elderly, mean exposure to pectins (E 440) from their use as food additives ranged from 7.2 mg/kg bw per day in the elderly to 188.8 mg/kg bw per day in children. The 95th percentile of exposure ranged from 28.4 mg/kg bw per day in the elderly to 169.1 mg/kg bw per day in children.

#### 3.4.1.4. Main food categories contributing to exposure to pectins (E 440) using the maximum level exposure assessment scenario {#efs24866-sec-0039}

In the *maximum level exposure assessment scenario*, the main contributing food categories to the mean exposure estimates for infants were foods for infants and young children and unflavoured fermented milk products. For toddlers, the main contributing food categories were unflavoured and flavoured fermented milk products. For children and adolescents, the main contributing food categories were flavoured fermented milk products, meat products and flavoured drinks; for adults, meat products and flavoured drinks; and for the elderly, meat products.

The main food categories contributing to the combined exposure to pectins (E 440) using the maximum level exposure assessment scenario are presented in Appendix [G](#efs24866-sec-1007){ref-type="sec"}.

#### 3.4.1.5. Main food categories contributing to exposure to pectins (E 440) using the refined exposure assessment scenarios {#efs24866-sec-0040}

In the *brand‐loyal scenario,* the main contributing food categories were flavoured fermented milk products and processed fruit and vegetables for infants and the elderly; for toddlers, children, adolescents and adults, the main contributing food categories were flavoured fermented milk products and flavoured drinks.

In the *non‐brand‐loyal scenario*, the main contributing food categories were: flavoured fermented milk products and processed fruit and vegetables for infants; flavoured fermented milk products and desserts for toddlers and children; flavoured fermented milk products and flavoured drinks for adolescents and adults; processed fruit and vegetables and desserts for the elderly.

The main food categories contributing to the combined exposure to pectins (E 440) using the refined exposure assessment scenarios are presented in Appendix [G](#efs24866-sec-1007){ref-type="sec"}.

#### 3.4.1.6. Uncertainty analysis {#efs24866-sec-0041}

Uncertainties in the exposure assessment of pectins (E 440) have been discussed above. In accordance with the guidance provided in the EFSA opinion related to uncertainties in dietary exposure assessment (EFSA, [2007](#efs24866-bib-0026){ref-type="ref"}), the following sources of uncertainties have been considered and summarised in Table [6](#efs24866-tbl-0006){ref-type="table"}.

###### 

Qualitative evaluation of influence of uncertainties on the dietary exposure estimate

+--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Sources of uncertainties                                                                                                                                                                                                                                                                                                                               | Direction[a](#efs24866-note-0013){ref-type="fn"} |
+========================================================================================================================================================================================================================================================================================================================================================+==================================================+
| Consumption data: different methodologies/representativeness/underreporting/misreporting/no portion size standard                                                                                                                                                                                                                                      | +/--                                             |
+--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Use of data from food consumption survey of a few days to estimate long‐term (chronic) exposure for high percentiles (95th percentile)                                                                                                                                                                                                                 | \+                                               |
+--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Correspondence of reported use levels and analytical data to the food items in the EFSA Comprehensive Food Consumption Database: uncertainties to which types of food the levels refer to                                                                                                                                                              | +/--                                             |
+--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Uncertainty in possible national differences in use levels of food categories                                                                                                                                                                                                                                                                          | +/--                                             |
+--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| 3--99% of the amount of food consumed taken into account in the refined exposure assessment scenarios out of all authorised food (n = 23/81 total number of food categories)                                                                                                                                                                           | --                                               |
+--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Food categories selected for the exposure assessment: exclusion of food categories due to missing FoodEx linkage (n = 12/81 food categories)                                                                                                                                                                                                           | --                                               |
+--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Food categories selected for the exposure assessment: inclusion of food categories without considering the restriction/exception (n = 6 for the maximum level scenario/n = 6 for the refined scenarios, out of 81 food categories)                                                                                                                     | \+                                               |
+--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Food categories included in the exposure assessment: data not available for certain food categories which were excluded from the exposure estimates (n = 18 for the maximum level scenario/n = 37 for the refined scenarios, out of 81 food categories). Information on the use of pectins was found in the Mintel database for 9 of these categories. | --                                               |
+--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Concentration data: levels considered applicable for all items within the entire food categorynot fully representative of foods on the EU market (coming from one MS)                                                                                                                                                                                  | \+                                               |
|                                                                                                                                                                                                                                                                                                                                                        |                                                  |
|                                                                                                                                                                                                                                                                                                                                                        | +/−                                              |
+--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Maximum level exposure assessment scenario: exposure calculations based on the maximum reported use levels (reported use from food industries and food additives manufacturers)foods which may contain the food additive according to Annex III to Regulation (EC) No 1333/2008 not taken into account                                                 | \+                                               |
|                                                                                                                                                                                                                                                                                                                                                        |                                                  |
|                                                                                                                                                                                                                                                                                                                                                        | −                                                |
+--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Refined exposure assessment scenarios:                                                                                                                                                                                                                                                                                                                 | +/−                                              |
|                                                                                                                                                                                                                                                                                                                                                        |                                                  |
| exposure calculations based on the maximum or mean levels (reported use from food industries or analytical data)foods which may contain the food additive according to Annex III to Regulation (EC) No 1333/2008 not taken into accountfood categories of FSMP and food supplements not considered in the exposure assessment                          | −                                                |
|                                                                                                                                                                                                                                                                                                                                                        |                                                  |
|                                                                                                                                                                                                                                                                                                                                                        | −                                                |
+--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Food supplements consumers only scenario:                                                                                                                                                                                                                                                                                                              | \+                                               |
|                                                                                                                                                                                                                                                                                                                                                        |                                                  |
| exposure calculations based on consumers onlyexposure calculations based on the mean levels (reported use from food industries or analytical data) for all foods except food supplementsfoods which may contain the food additive according to Annex III to Regulation (EC) No 1333/2008 not taken into account                                        | −                                                |
|                                                                                                                                                                                                                                                                                                                                                        |                                                  |
|                                                                                                                                                                                                                                                                                                                                                        | −                                                |
+--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| FSMP, consumers only scenario:                                                                                                                                                                                                                                                                                                                         | \+                                               |
|                                                                                                                                                                                                                                                                                                                                                        |                                                  |
| exposure calculations based on consumers onlyexposure calculations based on the MPL levels for FSMP and maximum reported use levels for all other foodsfoods which may contain the food additive according to Annex III to Regulation (EC) No 1333/2008 not taken into account                                                                         | \+                                               |
|                                                                                                                                                                                                                                                                                                                                                        |                                                  |
|                                                                                                                                                                                                                                                                                                                                                        | −                                                |
+--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+

FSMP: foods for special medical purposes; MPL: maximum permitted level.

+, uncertainty with potential to cause overestimation of exposure; --, uncertainty with potential to cause underestimation of exposure.
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Pectins (E 440) are authorised as a Group I food additive in 67 food categories and have specific authorised uses in 14 other categories (Table [3](#efs24866-tbl-0003){ref-type="table"}). Since the majority of food categories correspond to the general Group I food additives authorisation, pectins (E 440) may not necessarily be used in some of these food categories. This may explain why use levels for pectins (E 440) were not reported by the food industry for 18 food categories. However, the Panel noted that information from the Mintel GNPD (Appendix [D](#efs24866-sec-1004){ref-type="sec"}) indicated that some of these 18 food categories were labelled with pectins (noodles, vinegar, spreads, etc.).

Overall, the Panel considered that the uncertainties identified would, in general, result in an overestimation of the real exposure to pectins (E 440) as food additives in European countries considered in the EFSA European database for the maximum level exposure assessment scenario and for the refined scenarios, when considering only food additive uses for which data have been provided.

However, the Panel noted that, given the information from the Mintel GNPD, it may be assumed that pectins (E 440) are used in several food categories (n = 9) for which no data have been provided by food industry. The Panel noted that out of these nine food categories, fruit juices and fruit nectars are products highly consumed. Therefore, if this would be confirmed, it would result in an underestimation of the exposure.

The Panel noted that food categories which may contain pectins (E 440) due to carry‐over (Annex III, Part 1, 3, 5 (Sections A and B)) were not considered in the current exposure assessment.

Concerning the exposure to pectins (E 440) of infants and young children eating FSMP, the Panel considered that the uncertainties identified would, in general, result in an overestimation of the exposure in European countries.

### 3.4.2. Exposure to pectins via the regular diet {#efs24866-sec-0042}

To estimate dietary intake to pectin from the regular diet, the Panel considered data on pectin content used in the EFSA scientific Opinion on the re‐evaluation of aspartame (E 951) (Appendix [B‐III](#efs24866-sec-1002){ref-type="sec"}) (EFSA ANS Panel, [2013](#efs24866-bib-0031){ref-type="ref"}). In average, across population groups, estimates of dietary intake to pectin from the regular diet ranged from 2 to 14 mg/kg bw per day and from 6 to 38 mg/kg bw per day at the high level.

### 3.4.3. Exposure via other sources {#efs24866-sec-0043}

This re‐evaluation refers exclusively to the use of pectins (E 440) as food additives in food, including food supplements, and does not include a safety assessment of other uses of pectins.

#### 3.4.3.1. Pectins as ingredient in slimming products {#efs24866-sec-0044}

Pectins are described as ingredients in slimming products assuming a capacity to reduce the rate of digestion by immobilising food components in the intestine, resulting in lower nutrient absorption (Srivastava and Rishabha, [2011](#efs24866-bib-0157){ref-type="ref"}).

Cause and effect relationships have been established between the consumption of pectins and a reduction of post‐prandial glycaemic responses and maintenance of normal blood cholesterol concentrations. In order to obtain these physiological effects, 10 g of pectins per meal or 6 g/day of pectins, in one or more servings, respectively, are required (EFSA NDA Panel, [2010](#efs24866-bib-0036){ref-type="ref"}; Brouns et al., [2012](#efs24866-bib-0010){ref-type="ref"}).

#### 3.4.3.2. Pharmaceutical uses {#efs24866-sec-0045}

From data provided by the European Medicines Agency (EMA), information about the current medicinal usage of pectins and their usage as an excipient, was retrieved \[Documentation provided to EFSA, n. 4\].

Pectin is used as an active ingredient in antidiarrheal medicinal products and for the treatment of regurgitation in infants due to its water‐binding properties (Brejnholt, [2010](#efs24866-bib-0009){ref-type="ref"}; Srivastava and Rishabha, [2011](#efs24866-bib-0157){ref-type="ref"}; Martindale, [2016](#efs24866-bib-0105){ref-type="ref"}). According to EMA, several combination products exist, in which pectin is one of the active ingredients. The indications are unspecific diarrhoea in children and adults or symptomatic treatment of regurgitation in babies. Special warnings are not mentioned.

Pectin is used in medicinal products mainly as an excipient, due to its gelling and thickening properties. This function of pectin is described as carrier for drug delivery to the gastrointestinal tract, as matrix in tablets, gel beads and film‐coated pills. Pectin is used in controlled‐release formulations, also together with other polymers. Pectin is considered as a carrier material in colon‐specific drug delivery systems (for systemic action or local treatment in diseases such as ulcerative colitis, Crohn\'s disease, colon carcinomas) (Brejnholt, [2010](#efs24866-bib-0009){ref-type="ref"}; Srivastava and Rishabha, [2011](#efs24866-bib-0157){ref-type="ref"}).

### 3.4.4. Exposure from all sources {#efs24866-sec-0046}

To estimate dietary intake of pectin from all sources, the exposure via the use of pectins as food additive at the mean level (non‐brand loyal scenario) for the age group of toddlers (Table [5](#efs24866-tbl-0005){ref-type="table"}) and exposure to pectins via the regular diet (Section [3.4.2](#efs24866-sec-0042){ref-type="sec"}) were considered. Based on these values, the use of pectins as food additives is contributing seven times more (87.7% from the use of pectins as food additive versus 12.3% from the intake via the regular diet) at the mean level, and at the high level, six times more (86% from the use of pectins as food additive versus 14% from the intake via the regular diet), to the exposure from all sources, when compared to the exposure from the regular diet.

### 3.4.5. Exposure to methanol {#efs24866-sec-0047}

In human volunteers, consumption of 10--15 g isolated pectin or of 1 kg apples (containing approximately 10 g natural pectin) induced a significant increase in methanol in the breath and, by inference, in the blood. Consumption of 1 kg apples was estimated to release 500 mg methanol. It has been estimated that humans may be exposed to approximately 1,000 mg methanol per day from fruits and vegetables; riper fruit was found to release more methanol than unripe fruit (COT, [2011](#efs24866-bib-0015){ref-type="ref"}).

An exposure assessment to methanol from the intake of pectins present in the regular diet was prepared by the ANS Panel in the frame of the re‐evaluation of aspartame (E 951) as a food additive (EFSA ANS Panel, [2013](#efs24866-bib-0031){ref-type="ref"}). The Panel estimated the anticipated combined exposure to methanol from endogenous sources (basal endogenous pathway, endogenously metabolised pectin) and exogenous sources (aspartame as a food additive and natural food occurrence) in five population groups (toddlers, children, adolescents, adults and the elderly).

Exposure to methanol from natural occurrence of pectins in food ranged from 0.2--1.4 mg/kg bw per day at the mean to 0.6--3.8 mg/kg bw per day for high level consumers (EFSA ANS Panel, [2013](#efs24866-bib-0031){ref-type="ref"}).

In addition to the direct contribution of methanol from fruits and vegetables, there is clear evidence for the internal production of methanol in the gastrointestinal tract from ingested pectins and endogenous production in other parts of the body, such as liver and brain (WHO, [1997](#efs24866-bib-0175){ref-type="ref"}). The Panel estimated the internal exposure to methanol due to endogenous sources to range from 7.6 to 18 mg/kg bw per day at the mean and from 14.1 to 33.1 mg/kg bw per day at the high level (EFSA ANS Panel, [2013](#efs24866-bib-0031){ref-type="ref"}).

The exposure to methanol from all endogenous pathways (basal, endogenously metabolised pectin) and natural food occurrence of pectins ranged from 7.8 to 19.4 mg/kg bw per day at the mean and from 14.8 to 36.9 mg/kg bw per day at the high level.

Exposure to methanol from pectins used as food additives was calculated based on the degradation factor from pectin to methanol (Lindinger et al., [1997](#efs24866-bib-0100){ref-type="ref"}; EFSA ANS Panel, [2013](#efs24866-bib-0031){ref-type="ref"}) to be up to 9 mg/kg bw per day for the age group of toddlers at the mean (non‐brand loyal scenario).

Overall, the exposure to methanol from all sources (endogenous pathways, natural occurrence and pectins used as food additives), ranged from 9.6 to 28.4 mg/kg bw per day at the mean.

#### 3.4.5.1. Formaldehyde {#efs24866-sec-0048}

The Panel assumed that all methanol was converted into formaldehyde, which then formed a formaldehyde acetal with water. The increase in formaldehyde acetal associated with 9.6--28.4 mg/kg per day methanol given as a single dose (the Panel noted that this was an unlikely scenario for dietary pectin) would result in the same increase of less than 7% and less than 35% (for the steady state level) of the normal intracellular endogenous formaldehyde level (EFSA ANS Panel, [2013](#efs24866-bib-0031){ref-type="ref"}).

This can be used to make an estimate of the additional burden of formaldehyde acetal associated with the intake of pectin. Such an additional burden should be evaluated in the light of the naturally occurring interspecies and intraspecies variation in the internal level of methanol, formaldehyde and formaldehyde acetal, which by far exceed the difference between internal concentration of these endogenous substances and the additional exposure by oral intake of pectin. Kleinnijenhuis et al. ([2013](#efs24866-bib-0093){ref-type="ref"}) using a sensitive and specific method have measured a formaldehyde concentration in blood of 2.25 ± 0.67 mg/L in rats. This corresponds to a coefficient of variation of 30% in endogenous formaldehyde blood levels in rats (EFSA ANS Panel, [2013](#efs24866-bib-0031){ref-type="ref"}).

3.5. Biological and toxicological data {#efs24866-sec-0049}
--------------------------------------

### 3.5.1. Absorption, distribution, metabolism and excretion {#efs24866-sec-0050}

There is evidence that certain high molecular weight dietary polysaccharides, such as pectins, starches and gums, could be partially broken down in the large intestine of man. In addition to intermediate metabolites, such as lactic, acrylic or fumaric acid, the main end products of this colonic anaerobic digestive process are short‐chain fatty acids (SCFA), such as acetic, propionic and butyric acids, which are absorbed from the colon (Cummings and Englyst, [1987](#efs24866-bib-0017){ref-type="ref"}).

#### 3.5.1.1. *In vitro* studies {#efs24866-sec-0051}

Kertesz ([1940](#efs24866-bib-0091){ref-type="ref"}) conducted *in vitro* tests to determine the possible digestion of citrus pectin by various digestive enzymes of dog and human origin. Both saliva and gastric juice do not contain enzymes acting upon pectin. Pectin passed through the stomach and part of the small intestine of a dog and could be recovered without loss. Trypsin, pepsin and rennet had no effect on pectin *in vitro*, but pectin incubated with faeces was rapidly degraded. According to the author, it appeared probable that pectin taken orally is not attacked until it reaches the large intestine, where it is completely hydrolysed by bacterial enzymes.

Bacteria capable of metabolising pectin *in vitro* were isolated from dog faeces (Werch et al., [1942](#efs24866-bib-0173){ref-type="ref"}). The more active bacteria belonged to the following groups: *Aerobacillus*,*Lactobacillus*,*Micrococcus* and *Enterococcus*. These bacteria contained heat‐labile, pectinase‐like enzymes and/or pectase‐like (coagulating) enzyme. The main products of degradation by the bacterial enzymes were formic and acetic acids. Galacturonic acid seemed to be an intermediary product.

A total of 188 strains of 10 species of *Bacteroides* found in the human colon were surveyed for their ability to ferment mucins and plant polysaccharides (Salyers et al., [1977a](#efs24866-bib-0143){ref-type="ref"}). Many of the *Bacteroides* strains tested were able to ferment a variety of plant polysaccharides, including pectin, amylose, dextran and gums. The ability to utilise mucins and plant polysaccharides varied considerably among the *Bacteroides* species tested. Pectin (Sunkist Inc., USA) was shown to be fermented by five species of *Bacteroides*.

A total of 154 strains of 22 species of *Bifidobacterium*,*Peptostreptococcus*,*Lactobacillus*,*Ruminococcus*,*Coprococcus*,*Eubacterium* and *Fusobacterium*, which are present in high concentrations in the human colon, were surveyed for their ability to ferment 21 different complex carbohydrates (Salyers et al., [1977b](#efs24866-bib-0144){ref-type="ref"}). Among them, pectin (Sunkist Inc., USA) was only fermented by strains of *Eubacterium eligens*.

Fermentation of 10 polysaccharides, including pectin, identified as polypectate, by species of the family Enterobacteriaceae (Klebsielleae and other gram‐negative facultative bacteria) was examined by Ochuba and Von Riesen ([1980](#efs24866-bib-0122){ref-type="ref"}). Polypectate (Sigma, USA) was fermented by three species (*Klebsiella*,*Pectobacterium* and *Yersinia* strains).

Adiotomre et al. ([1990](#efs24866-bib-0001){ref-type="ref"}) investigated the effects of dietary fibres, including pectin, on caecal fermentations, by using fresh human microflora. Evolution of SCFA and water‐holding capacity after fermentation were also measured. Among other fibres, pectin (E 440 grade) yielded the largest amount of total SCFA (82.2 vs 15.5 mmol/L for controls). The major SCFA produced were acetic, propionic and butyric acid, with smaller amounts of isobutyric, valeric, and isovaleric acids. By contrast, the amount of water held by 1 g of the fermented residue was lower in the case of pectin in comparison to other fibres (2.15 vs 0.91 g/g for controls).

A total of 290 strains of 29 species of bifidobacteria of human and animal origin (mainly of faecal origin) were tested for their ability to ferment complex carbohydrates (Crociani et al., [1994](#efs24866-bib-0016){ref-type="ref"}). Pectin (Sigma, USA) was fermented by 11 species out of the 29 tested.

In another *in vitro* study, citrus pectin (TIC Gums, USA) was fermented using dog faeces as the source of inoculum (Sunvold et al., [1995a](#efs24866-bib-0158){ref-type="ref"}). Organic matter disappearance and SCFA production were measured after 6, 12 or 24 h of incubation. Irrespectively of the duration of incubation, organic matter disappearance and acetic, propionic and butyric acid production were higher for pectin than for other polysaccharides like gums, rice bran, oat fibre or beet pulp. Identical conclusions were drawn from a similar study using the same substrates fermented by cat faecal microflora (Sunvold et al., [1995b](#efs24866-bib-0159){ref-type="ref"}).

*In vitro* experiments gave information on the metabolic pathway of citrus pectin (Dongowski and Anger, [1996](#efs24866-bib-0022){ref-type="ref"}). In these studies, a 150 mL pectin solution (DE: 34.4%; containing 5 mg/mL galacturonan; Copenhagen Pectin A:S, Lille Skensved) was incubated with human faecal microflora in 4 g faeces at 37°C for 24 h. Samples were collected after 4, 6, 8, 12 and 24 h, and analysed. During degradation by the microflora, the pectin concentration diminished continuously. The fraction of oligogalacturonic acids increased in the first 8 h and decreased afterwards. No pectin or oligogalacturonic acid was measured after 24 h. Accordingly, the concentration of SCFA (typical products of fermentation of dietary fibres) increased and reached a maximum after 24 h. The Panel noted the relevance of these data, since oligogalacturonic acids formed in this study from pectin via fermentation with human faecal microflora are similar to galacto‐oligosaccharides manufactured as pAOS.

Knaup et al. ([2008](#efs24866-bib-0094){ref-type="ref"}) investigated the human gastrointestinal metabolism of amidated pectin (DE 30%, degree of amidation 20%; Herbstreith and Fox, Germany) and [d]{.smallcaps}‐galacturonic acid (the major intestinal metabolite of pectin; Fluka, Germany). A number of *in vitro* experiments were carried out. Both substrates were incubated under aerobic conditions at 37°C using saliva (5 mg test item in 2.5 mL diluted saliva, exposure duration 2 min) collected from three healthy subjects (23--35 years old) or artificial gastric juice (5 mg test item in 2.5 mL diluted juice, exposure duration 4 h). Under anaerobic conditions, 5 mg amidated pectin or 5 mg [d]{.smallcaps}‐galacturonic acid were incubated for up to 10 h at 37°C with 2.5 mL filtered human ileostomy fluid provided by three healthy subjects (34--39 years old; donors 1--3) with a terminal ileostomy, undergone colectomy 5--6 years prior to the study. Both substrates were also incubated under the same conditions for up to 24 h with filtered colostomy fluids obtained from three donors (30--60 years old; donors 4--6) with left‐sided colostomies, undergone colectomy 12--30 years prior to the study. Amidated pectin, [d]{.smallcaps}‐galacturonic acid, SCFA (acetic, propionic and butyric acid), as well as methanol concentrations, were analysed. Amidated pectin and [d]{.smallcaps}‐galacturonic acid were found to be stable during incubation with saliva and simulated gastric juice. In contrast, both test items underwent degradation in the course of incubation with ileostomy and colostomy fluid. Amidated pectin was only degraded in part, revealing stable amounts of 22--35% in ileostomy fluid after 10 h and 3--17% in colostomy fluid after 24 h. SCFA were generated up to 59% of the applied amidated pectin. In parallel, 19--60% (ileostomy fluid) and 52--67% (colostomy fluids) of the available methyl ester groups were cleaved in the course of incubations. [d]{.smallcaps}‐Galacturonic acid was practically completely decomposed within 10 h and SCFA (mainly acetic acid) were formed up to 98% of the incubated substrate in colostomy inoculum. Complete degradation of [d]{.smallcaps}‐galacturonic acid was observed (after 6 h of incubation) using the ileostomy fluids from donors 1 and 2, whereas a partial degradation (after 10 h) occurred using the ileostomy fluids from donor 3. Methanol liberation was observed, reaching concentrations of up to 16, 36 or 53 mg/L in donor 3, 2 and 1, respectively. In conclusion, amidated pectin and [d]{.smallcaps}‐galacturonic acid are stable in human saliva and simulated gastric juice. The expected partial fermentation of amidated pectin and the complete degradation of [d]{.smallcaps}‐galacturonic acid by the microflora of the colon were shown. The Panel noted that, in this study, the low degree of fermentation of amidated pectin in ileostomy fluid might be related to altered microflora of the ileum 6 years after terminal ileostomy.

#### 3.5.1.2. *In vivo* studies {#efs24866-sec-0052}

##### [**Animal studies**]{.ul} {#efs24866-sec-0053}

**Rats**

The digestibility of pectin was estimated in a subchronic feeding study (Til et al., [1972](#efs24866-bib-0163){ref-type="ref"}) by measuring the faeces dry matter (pectin dry matter = total dry matter minus dry matter from basal diet and cellulose) in weanling rats (groups of 10 males and 10 females). After 11 weeks of exposure to 5%, 10% or 15% pectin in the diet, the amount of indigestible pectin (presumably not degraded by the microflora) ranged between 25% and 40%.

The metabolism and fate of pectin‐labelled plant cell walls (PCW) was followed in male Wistar rats (Buchanan et al., [1994](#efs24866-bib-0011){ref-type="ref"}). The PCW were ^14^C‐labelled in the galacturonic acid residues (using [d]{.smallcaps}‐\[6‐^14^C\]glucuronic acid, more than 85% of the ^14^C was confined to the C6 position of pectic galacturonic acid residues) or in the methyl ester groups (using [l]{.smallcaps}‐\[methyl‐^14^C\]methionine, 90% of the ^14^C was confined to methyl ester groups and 10% of the ^14^C in methyl ether groups). Four rats were dosed by gavage with 1 mL suspension containing 5 mg ^14^C‐PCW. Each rat was maintained in a metabolic cage to collect CO~2~, faeces and urine. The study was terminated after 18 h, rats sacrificed and radioactivity in excreta and rat body measured. When \[uronate‐6‐^14^C\]pectin was used, only small amounts of radioactivity were detected in stomach (0.4% of applied radioactivity), small intestine (0.4%), caecum (1.6%) and colon (0.7%). In faeces, 5.8% of the applied radioactivity was recovered. Most of the applied radioactivity was detected in exhaled CO~2~ (37.4%) and in body tissues (20.8% in removed organs and in the remaining carcass), while 2.2% was excreted via urine. The total recovery was 69.3%. Thus, 87.7% of the recovered pectin‐labelled PCW was metabolised in the rat and not recovered in the gut contents or faeces. In rats receiving \[methyl‐^14^C\]pectin, similar data were obtained in the gastrointestinal tract (0.3, 0.6, 0.6 and 0.5% of applied radioactivity detected in the stomach, small intestine, caecum and colon, respectively), in faeces (3.0%) and urine (1.9%). However, less radioactivity was recovered as exhaled in CO~2~ (18.1%) and more distributed in body tissues (59.8%). In these animals, the total recovery was 84.6%. According to the authors, these results demonstrated that PCW polysaccharides in pectin are extensively degraded in the rat gut. The authors stated that the material derived from the polysaccharides may enter specific metabolic pathways in rats and provide contributions to both energy and precursors of structural compounds.

The absorption of oligogalacturonic acids in rats was demonstrated in a preliminary study (Anger et al., [1994](#efs24866-bib-0003){ref-type="ref"}, data from abstract, no further details available). About 9--45% of oligogalacturonides injected directly into the caecum of rats was recovered in urine within 16 h after application, suggesting absorption of the oligogalacturonides.

In the same laboratory, Dongowski and Anger ([1996](#efs24866-bib-0022){ref-type="ref"}) compared the degradation of pectins in the gastrointestinal tract in germ‐free rats (without intestinal microflora) and in conventional rats. Groups of 10 conventional rats or six germ‐free rats (no further details about test species) were fed 0% or 6.5% pectin in the diet (with different degrees of esterification: 34%, 71% or 93%) for 21 days. Germ‐free rats received sterilised diet. Faeces were collected during a 3‐day period at the end of week 2 and week 3. At termination, the content of ileum, caecum and colon were also analysed. In germ‐free rats, no relevant decrease in the degree of esterification was found in ileum, caecum and colon, independently of the degree of esterification; similar results were reported in the ileum of conventional rats (no data on caecum and colon). When compared to conventional rats, high amounts of pectin (measured as galacturonan) were detected in caecum, colon and faeces of germ‐free rats. In conventional rats, no oligogalacturonic acids were identified in the faeces, but unsaturated di‐ and trigalacturonic acids were identified in the colon of a few rats. The authors concluded that pectin passes through the small intestine as a macromolecule and is intensively degraded by the action of the microflora in the large intestine. The intermediate products of degradation are oligogalacturonic acids which could be absorbed by the host or further metabolised by the microflora. Pectins with low degree of esterification were degraded faster than high‐esterified pectins.

**Dogs**

Werch and Ivy ([1941](#efs24866-bib-0172){ref-type="ref"}) compared the metabolism of citrus pectin (California Fruit Growers Exchange Research Laboratories, free of pentoses, pentosans and colours) in four normal dogs and in two dogs with ileostomy. The normal dogs received 20 g pectin mixed with the diet for 7 days. Faeces were collected and analysed by three different methods. The two dogs with ileostomy were fed 20 g pectin mixed with beef. Faeces were collected for the next 24 h. In normal dogs, 3--9% of ingested pectin was recovered, depending on the analytical method. In dogs with ileostomy, more than 85% of ingested pectin was recovered in excreta, independently of the analytical method used. These results indicated that a nearly complete breakdown of pectin would occur in the large intestine of normal dogs. According to the authors, bacterial enzymes are involved, rather than the enzymes of the animal organism.

##### [**Human studies**]{.ul} {#efs24866-sec-0054}

Werch and Ivy ([1941](#efs24866-bib-0172){ref-type="ref"}) compared pectin metabolism in six healthy volunteers with data from two patients with ileostomy (no further details about subjects). The study was performed under controlled dietary conditions. Each healthy subject ingested, once, 50 g pure citrus pectin (no further details) in gelatine capsules, whereas ileostomy patients received 20 g of pectin with a low‐crude fibre diet. Samples of faeces and excreta were analysed by three different methods. In healthy subjects, 4% of ingested pectin was recovered by the pectic acid method, 14% by the uronic acid method and 12% by the furfural method. In ileostomy patients, more than 85% of ingested pectin was recovered in excreta, independently of the method used. According to the authors, these results indicated that in healthy volunteers, nearly complete breakdown of pectin occurs in the large intestine rather than in the small intestine, and that bacterial enzymes are involved, rather than endogenous enzymes.

The digestion of pectin in the human gut was examined in a group of five healthy male volunteers aged 21--24 years (Cummings et al., [1979](#efs24866-bib-0018){ref-type="ref"}). The subjects received a controlled diet over 3 weeks, which was supplemented for the next 6 weeks with 36 g pectin per day (National Formulary; pure high‐methoxy pectin; source: Bulmers Ltd.), followed by an *ad libitum* diet in week 10. The volunteers ingested the pectin in divided doses as a powder, mixed into either the food or drink of each meal. Throughout the 10 weeks, the subjects collected their stools, which were cooled to −20°C until analysis. During the control period, only 15% of the dietary fibre ingested was excreted in faeces. When pectin was added to the diet, there was no increase in fibre excretion. Stool frequency and mean transit time were unchanged, but stool wet weight increased by 33%, and faecal excretion of fatty acids increased by 80%. The authors concluded that pectin could not be recovered from the faeces, suggesting that it is totally metabolised in the gut, probably as the result of bacterial fermentation.

The digestibility of pectin in human subjects was also investigated by comparison of the results in a group of healthy volunteers (five men and five women; 21--35 years old) with data in patients (three men and three women; 25--49 years old) who had undergone total colectomy, followed by ileostomy, in the management of ulcerative colitis (Holloway et al., [1983](#efs24866-bib-0062){ref-type="ref"}). Both groups were given a fixed diet for 10 days. The pectin content of the individual foods of plant origin in the diet and the pectin content of the ileal excreta or faeces (sampling started after 4 days being on diet) were determined by measuring the uronic acid content. In ileostomy female subjects, 85% of ingested pectin was excreted, while in male subjects, 53% (n = 3, high variability; possibly bacterial growth within the ileostomy bag). In contrast, in healthy volunteers, only 3.5% of ingested pectin was found in the faeces in women and 4.8% in men. The authors concluded that some loss of pectin occurred in the small intestine but most of the pectin was degraded in the large intestine.

In a clinical study (Saito et al., [2005](#efs24866-bib-0142){ref-type="ref"}), the authors compared the amount of pectin in the human terminal ileum with that of orally administered apple pectin (molecular weight 20,000--400,000; 81% galacturonan; Sigma Chemical Co. Ltd.). Seven healthy male volunteers (20--27 years old; no history of gastrointestinal disease) received a test meal containing 5 g of pectin (corresponding to 4.05 g galacturonan) after 15 h fast and thorough intestinal lavage. A tube was placed in the terminal ileum using the endoscopic retrograde bowel insertion method. The ileal contents were aspirated through the tube for 9 h starting immediately after tube insertion; samples were frozen to inhibit degradation by microflora. Amounts of pectin orally administered and collected from the terminal ileum were determined by measuring galacturonic acid concentrations. The amount of pectin collected in the terminal ileum was 3.58 ± 0.43 g (mean ± standard deviation) or 88.4% ± 10.5% of the pectin administered. Due to large interindividual differences, the recovery ranged from 76.8% to 105.1%. In conclusion, about 90% of ingested pectin was recovered in the terminal ileum in this study. The authors stated that only minor amounts may have been degraded by bacteria in the terminal ileum.

Overall, data on *in vitro* degradation of pectins and amidated pectin by digestive enzymes contained in saliva, gastric juice or ileal fluids indicated that their digestibility was low in the upper parts of the digestive tract. By contrast, additional *in vitro* studies using fresh human microflora or isolated colonic bacteria demonstrated that pectins would be fermented during their passage through the large intestine by strains of bacteria found in the human colon. All these *in vitro* data are in agreement with rat studies demonstrating the absence of degradation of pectin in germ‐free animals by comparison to conventional animals.

Moreover, the absence of unchanged pectin in the faeces of animals and humans would give evidence of the complete *in vivo* degradation of pectin. As demonstrated in ileostomy patients, the main end products of this colonic anaerobic digestive process are SCFA, such as acetic, propionic and butyric acids, which are absorbed from the colon. Based on the available knowledge on the role of SCFA as end products of the fermentation of dietary fibres by the anaerobic intestinal microflora (Topping and Clifton, [2001](#efs24866-bib-0164){ref-type="ref"}; Den Besten et al., [2013](#efs24866-bib-0019){ref-type="ref"}), the Panel considered that their potential formation as fermentation products from pectins does not raise any safety concern. The Panel considered that pectin and amidated pectin would not be absorbed intact but mainly fermented by the intestinal microbiota in animals and humans.

### 3.5.2. Acute toxicity {#efs24866-sec-0055}

Acute oral toxicity of 'natural' food additives, including pectin (no details available about the test item), was tested in mice and rats at a dose level of 5,000 mg/kg bw and a post‐exposure observation period of 14 days (Shimizu et al., [1993](#efs24866-bib-0154){ref-type="ref"}). No deaths were reported (data from abstract in English, original publication in Japanese). The LD~50~ values exceeded 5,000 mg/kg bw.

The acute oral toxicity of Jeju citrus rind pectin (purity 99%) was studied in groups of 10 male and 10 female Sprague--Dawley rats (Shim and Choung, [2003](#efs24866-bib-0153){ref-type="ref"}). Rats were dosed by gavage with 0, 100, 250 and 500 mg/kg bw at a volume of 10 mL/kg bw. The highest dose level was limited by the solubility of pectin in the solvent water. Clinical signs were recorded daily and body weight at day 1, 3, 7 and 14. No deaths occurred during the post‐exposure observation period of 14 days. The treatment resulted in soft stool and reduced body weight (no details) at 500 mg/kg bw during the first day after gavage.

Based on these data, the Panel considered that the acute oral toxicity of pectin is low. Although data on amidated pectin were not available, the acute oral toxicity was expected to be low, based on the structural similarity to pectin.

### 3.5.3. Short‐term and subchronic toxicity {#efs24866-sec-0056}

**Rats**

Groups of male weanling Sprague--Dawley rats (totally 50 rats per group, no further details) were fed a diet containing 0% or 5% pectin (National Formulary; degree of methoxylation 10--12%; equivalent to 0 or 6,000 mg/kg bw per day) (Gilmore, [1965](#efs24866-bib-0049){ref-type="ref"}). The rats were sacrificed after 2, 4, 6 or 8 weeks of feeding. The treatment caused a decrease in food consumption and body weight gain at ≥ week 5. Serum albumin was increased at week 2 but not at week 6. Serum globulin was elevated at week 6 (no further details available; data from abstract).

The utilisation of protein and the absorption of calcium were investigated, besides toxic effects, in a subacute study with pectin‐S (pure citrus pectin, 55% esterified) and pectin‐M (pure citrus pectin, 65% esterified) (Viola et al., [1970](#efs24866-bib-0166){ref-type="ref"}). Groups of three male and three female CD rats (data combined) received 0%, 5% (only pectin‐S) or 10% of pectin‐S or pectin‐M in the diet for 10 days (equivalent to 0, 6,000 or 12,000 mg/kg bw per day). Body weight gain decreased significantly at the 10% level (pectin‐S: 71% of control; pectin‐M: 52% of control), accompanied by a significant reduction of food intake (pectin‐S: 82% of control; pectin‐M: 70% of control). The amount of excreted faeces increased significantly in all treatment groups (dose‐dependent in pectin‐S groups). The high‐dose level of pectin‐M resulted in a significant decrease of the weight gain per g protein intake. The digestibility of protein was reduced to 79% of the control value at the 10% level of pectin‐S and pectin‐M and to 85% at the 5% level of pectin‐S. Both pectin‐S and pectin‐M resulted in a reduced absorption of calcium admitted with the food.

In a subacute study (Andoh et al., [1999](#efs24866-bib-0002){ref-type="ref"}), the authors investigated the effects of pectin (citrus pectin, source: Sigma Chemical Co.; no further details) on the morphological parameters of the small intestine. Male Wistar rats (four per group) were fed a diet supplemented with 0% or 2.5% pectin (equivalent to 3,000 mg/kg bw per day). After a 2‐week treatment period, the rats were sacrificed, blood samples collected and the small intestines removed and processed for histological analysis. The treatment did not result in significant differences in body weight gain or calorie intake. In pectin‐fed rats, the length of the small intestine and the depth of crypts and villus height were significantly increased. The Panel considered this as an adaptive, rather than an adverse effect. There was no significant difference in plasma gastrin levels, but a significant increase in plasma enteroglucagon levels in the pectin‐fed group.

In a 90‐day subchronic feeding study (Til et al., [1972](#efs24866-bib-0163){ref-type="ref"}), two types of pectin were tested: pectin A (Melange A~2~) and pectin C (Melange C~2~; the Panel noted that JECFA, [1974](#efs24866-bib-0076){ref-type="ref"} stated that Melange C~2~ is 21% amidated, thus the Panel considered this to be amidated pectin; no further details about the test item). Groups of 10 male and 10 female weanling Wistar rats received *ad libitum* a diet containing 0%, 5%, 10% or 15% pectin A or pectin C (totally 8 groups, including two control groups). The tested concentrations in the diet were equivalent to 0, 4,500, 9,000 or 13,500 mg/kg bw per day. The test diets were prepared once a fortnight. The authors assumed that the usable calorie content decreased with increasing dose levels. In a preliminary dose‐range study, a concentration of 20% in the diet resulted in growth depression, reduced food consumption and decreased food efficiency (no details about experimental design). No clinical signs occurred in any treatment group. During the exposure period, pectin A and pectin C resulted in a significant decrease of \> 10% in body weight of males at a dose level of 15%. Female rats receiving 15% pectin A in the diet showed also a significant reduction in body weights, which was \> 10% compared with controls. A slight (\< 10% reduction), but significant, decrease in body weight was measured in high‐dose females exposed to pectin C. The food consumption was decreased (\> 10% reduction) the first 2--3 weeks of exposure in males and females fed 15% pectin C and in males receiving 15% pectin A in the first week of exposure. Food efficiency data showed a reduction of \> 10% in high‐dose rats of either sex exposed to pectin A during weeks 1--4. The relative organ weight of the empty caecum increased in male and female rats dose‐dependently and significantly at ≥ 5% pectin C. A similar, significant, but less pronounced effect on the empty caecum weight was detected in males at ≥ 5% pectin A and in females at 15% pectin A. Gross examination did not reveal any test compound‐related effects. No findings were reported in histopathology, with the exception of a slight degree of hyperkeratosis of the forestomach in males and females receiving ≥ 10% pectin C (incidences in males 0/10, 0/10, 3/10 and 6/10, and in females 0/10, 0/10, 2/10 and 5/10, respectively). No such effects occurred after exposure to pectin A. The enlargement of the caeca was not paralleled by histopathological alterations and was considered by the authors of the study to be an adaptive response rather than a toxic effect. A NOAEL was not allocated by the authors of the study. The Panel considered the reduced body weights at 15% pectin A or C to be related to the decreased food consumption and/or the reduced calorie intake. The slight hyperkeratosis of the forestomach was not considered to be of toxicological relevance. Overall, pectin and amidated pectin did not induce adverse effects in rats at dose levels of up to 15% in the diet, corresponding to 13,500 mg/kg bw per day, the highest dose tested.

Repeated oral exposure of rats to pectin in drinking water was tested (data from abstract and detailed Tables in English; original publication in Japanese) (Takagi et al., [1997](#efs24866-bib-0160){ref-type="ref"}). Ten male and 10 female F‐344 rats received for 13 weeks drinking water containing 0%, 0.15%, 0.5%, 1.5% or 5% pectin ('pectin digest', no further details) (equal to 0, 148, 545, 1,231 or 3,366 mg/kg bw per day in males and 0, 204, 657, 1,290 or 3,916 mg/kg bw per day in females, respectively). The treatment resulted in a slight reduction of food consumption (\< 10%) and body weight (3% reduction of terminal weight) in high‐dose males, but 32% reduction in water intake (presumably due to altered taste and/or odour; no statistical analysis). Similar results were obtained in high‐dose females, but in contrast to males, a slight increase in the final body weight was observed. Haematology and clinical chemistry were performed according to current standards at termination. Blood parameters did not show any findings of toxicological relevance. In clinical chemistry, serum creatinine was elevated in males at ≥ 1.5% and blood urea nitrogen at 5%; no such effects were detected in females. Data on historical controls of this laboratory are lacking. Absolute and relative liver weights were significantly increased in females at ≥ 1.5%. However, no treatment‐related effects were detected in histopathology, and clinical chemistry did not reveal signs of hepatotoxicity. A NOAEL was not allocated by the authors. The Panel considered 5% pectin in drinking water (corresponding to 3,366 mg/kg bw per day in males and 3,916 mg/kg bw per day in females) as a NOAEL, the highest dose tested.

In addition, the safety of sodium pectate as food ingredient was described by Borzelleca et al. ([1996](#efs24866-bib-0008){ref-type="ref"}). In this publication, two unpublished studies (a 14‐day study; Zoetis, [1991](#efs24866-bib-0177){ref-type="ref"}; and a 13‐week study; Moore et al., [1994](#efs24866-bib-0111){ref-type="ref"}) were described, in which no remarkable effects were observed; these studies were not available to the Panel.

#### 3.5.3.1. Pectin‐derived acidic oligosaccharides {#efs24866-sec-0057}

As products formed from manufactured pAOS are similar to products formed from pectin in the gastrointestinal tract, JECFA concluded that studies with pAOS were relevant for the evaluation of pectin in infant formulae (JECFA, [2016c](#efs24866-bib-0084){ref-type="ref"}). The Panel agreed with this conclusion.

A 13‐week repeated‐dose study with 0%, 5% and 10% pAOS in the diet (equal to 0, 3,400 and 7,100 mg/kg bw per day) was performed according to OECD Guideline 408 and good laboratory practice (GLP) in F~1~ rats (10/sex/group, Wistar) which were exposed *in utero* (Garthoff et al., [2010](#efs24866-bib-0048){ref-type="ref"}). An extra control group receiving 10% short‐chain fructo‐oligosaccharides (scFOS), which mimic the neutral oligosaccharides in human milk, was included in this study (this study is further described in the reproductive and developmental toxicity section). The F~1~ animals were selected after weaning, and were exposed for an additional 13 weeks. No treatment‐related clinical signs were observed during the study. Body weight and food intake were comparable in all groups. Increased water intake in the males of all groups and females of the reference control group and the high‐dose group, were considered to be a response to the feeding of high‐dose oligosaccharides. Effects were seen on the urinary volume in females of the high‐dose group. Urinary calcium was increased in the 10% scFOS (both sexes), 5% pAOS (females) and 10% pAOS groups. For males of the 5% and 10% pAOS group, the urinary density was increased, resulting in a high sodium content in these groups. The urinary pH was increased in the females of the 10% pAOS group. No treatment‐related macroscopic changes were seen at necropsy. Absolute and relative caecum weights (empty and full) were increased in males and females of the scFOS group and in the 10% pAOS group, when compared to controls. The kidney weights (absolute and relative) were increased in males of the pAOS groups compared to both controls. In the high‐dose groups, a minimal degree of urothelial hyperplasia at the 5% level and a diffuse hyperplasia at the 10% level was observed. No other treatment‐related effects were observed.

An additional 13‐week study was performed in Wistar rats (age 4 weeks) with 0%, 1%, 2.5% and 10% pAOS in the diet (equal to 0, 700, 1,700 and 7,200 mg/kg bw per day) and an additional high‐dose (10%) group supplemented with NH~4~Cl as acidifying substance (equal to 7,100 mg/kg bw per day) in the diet (Garthoff et al., [2010](#efs24866-bib-0048){ref-type="ref"}). The study was also performed according to OECD Guideline 408 and GLP. No treatment‐related clinical signs were observed during the study. Body weight and food intake were comparable in all groups except in the males of the 10% pAOS + NH~4~Cl group. Similarly to the first study, water intake was increased in both 10% pAOS groups. Urinary pH was constantly high in pAOS‐treated groups. The addition of NH~4~Cl was increased after day 11 from 1% to 2%, because the acidifying effect was less marked than anticipated. Urinary sodium excretion was increased in both high‐dose groups due to the high sodium content of the diet (3.1%). The urinary calcium excretion was increased in the 10% pAOS + NH~4~Cl group in females at all stages and in males at day 90. The caecum weights (absolute and relative) and the relative kidney weights of the high‐dose groups were increased. No treatment‐related macroscopic changes were seen at necropsy. Histopathological examination showed diffuse urothelial hyperplasia in four males of the 10% pAOS group and in two females of this group. The authors considered 2.5% pAOS in the diet (equal to 1,700 mg pAOS/kg bw per day) as the NOAEL. The Panel agreed with this NOAEL.

Overall, the oral exposure to non‐amidated and amidated pectin at a dose level up to 13,500 mg/kg bw per day did not result in effects of toxicological relevance in a subchronic feeding study in rats (Til et al., [1972](#efs24866-bib-0163){ref-type="ref"}). Accordingly, no adverse effects were detected in a subchronic drinking water study in rats at a concentration of 5% pectin in the water, corresponding to a NOAEL of 3,366 mg/kg bw per day in males and 3,916 mg/kg bw per day in females (Takagi et al., [1997](#efs24866-bib-0160){ref-type="ref"}). The reduction of protein digestibility and calcium absorption was shown in a subacute feeding study in rats at a dose of 12,000 mg/kg bw per day (Viola et al., [1970](#efs24866-bib-0166){ref-type="ref"}). A common phenomenon in feeding studies was the reduced food consumption at a dose level of 10% (Viola et al., [1970](#efs24866-bib-0166){ref-type="ref"}) or 15% (Til et al., [1972](#efs24866-bib-0163){ref-type="ref"}) in the diet or the reduced water consumption at a concentration of 5% in the drinking water (Takagi et al., [1997](#efs24866-bib-0160){ref-type="ref"}). In a 13‐week dietary study with pAOS in F~1~ rats according to the OECD Guideline 408 and GLP, an increased level of urinary calcium and a minimal degree of urothelial hyperplasia was observed in the 5% group (3,400 mg/kg bw per day) and kidney weights were increased (Garthoff et al., [2010](#efs24866-bib-0048){ref-type="ref"}). In an additional 13‐week study in rats with pAOS, a NOAEL of 1,700 mg/kg bw per day was identified (Garthoff et al., [2010](#efs24866-bib-0048){ref-type="ref"}).

### 3.5.4. Genotoxicity {#efs24866-sec-0058}

***In vitro***

In a screening of food ingredients, citrus pectin (CAS 9000‐69‐5, no further details) was tested in a bacterial reverse mutation test in *Salmonella typhimurium* strains TA98, TA100, TA1535, TA1537, TA1538 and *E. coli* WP2uvrA (Mortelmans and Griffin, [1982](#efs24866-bib-0112){ref-type="ref"}; also reported in Prival et al., [1991](#efs24866-bib-0136){ref-type="ref"}). The substance was tested with the plate incorporation method at six doses (0.033, 0.10, 0.33, 1.0, 3.3 and 10 mg/plate) with and without metabolic activation by Aroclor‐induced rat liver S9. Concurrent positive controls were run with each test. The substance was tested in two independent trials using two plates per concentration. The solvent used was sodium phosphate buffer. Pectin was reported not to induce any increase in revertant counts in any bacterial strain, with and without S9, and was evaluated as not mutagenic in this assay. The Panel noted that no raw data are presented in these publications.

Further results from unpublished *in vitro* genotoxicity tests with sodium and/or calcium pectates are quoted without details in a review by Borzelleca et al. ([1996](#efs24866-bib-0008){ref-type="ref"}) and are summarised below.

In a bacterial reversion test, the *S. typhimurium* strains TA98, TA100, TA1535, TA1537 and TA1538 were exposed to sodium pectate or a mix (1:1) of sodium/calcium pectate, with and without a metabolic activation system (no data about dose). The treatment resulted in no increase of revertants. No mutagenic activity was also detected in similar tests with sodium pectate heated to 170°C for 3 min or bleached sodium pectate. Negative results were also reported in a mammalian cell gene mutation test in mouse lymphoma cells with bleached sodium pectate (Borzelleca et al., [1996](#efs24866-bib-0008){ref-type="ref"}).

***In vivo***

No standard *in vivo* genotoxicity assays on pectins were available for evaluation. Negative results were reported, without further details (dose, treatment conditions, etc.), in an *in vivo* micronucleus test in mice with bleached sodium pectate (Borzelleca et al., [1996](#efs24866-bib-0008){ref-type="ref"}).

Other studies were performed to evaluate the influence of dietary intake of pectins on the occurrence of DNA‐adduct‐like indigenous compounds (I‐compounds). In these studies, groups of germ‐free (six per group) and conventional Wistar rats (10 per group; no data about sex) received diets containing 0% or 7.5% pectin of different degrees of esterification (pectin A: 92.6%; pectin B: 70.8%; pectin C: 34.5%). Rats were sacrificed after an exposure period of 21 days and DNA was isolated from colonic mucosa, liver, kidney and lung. DNA adducts were measured by the ^32^P‐post‐labelling assay. In germ‐free animals, DNA‐adduct‐like compounds were detected in all tissue samples in animals fed the low‐esterified pectin C, but also in controls. Under the higher‐esterified pectin A and B, a weak adduct formation could be demonstrated only in the liver. In conventional animals, DNA adducts occurred in all samples of colonic mucosa but with the highest intensity in the control group, followed by the low‐esterified pectin C group, and a weak intensity under the higher‐esterified pectin A and B (Zunft et al., [1997](#efs24866-bib-0178){ref-type="ref"}; Goldin‐Lang et al., [1998](#efs24866-bib-0053){ref-type="ref"}). Beyond the decrease of I‐compounds, which are considered products of reaction of endogenous metabolites with DNA, no evidence for DNA‐adduct formation was observed in the tissues examined.

#### 3.5.4.1. Pectin‐derived acidic oligosaccharides {#efs24866-sec-0059}

Further *in vitro* and *in vivo* genotoxicity studies were performed with pAOS, consisting of small polymers similar to products formed from pectin in the gastrointestinal tract. In these studies, summarised in Garthoff et al. ([2010](#efs24866-bib-0048){ref-type="ref"}), pAOS were negative in a bacterial reverse mutation assay and in a mouse lymphoma assay, in which non‐reproducible increases of mutants were only observed at cytotoxic doses exceeding the maximum recommended dose according to the OECD Guideline 490. In a chromosomal aberration test in Chinese hamster ovary cells, pAOS were negative after short (4 h) treatment, with and without metabolic activation, whereas a significant increase of aberrant cells was observed after continuous treatment (18 h). The Panel noted that the increase in aberrant cells with pAOS dissolved in dimethyl sulfoxide (DMSO) was only observed above the maximum recommended dose according to OECD Guideline 473, and evaluated the overall result of this study as negative. *In vivo*, negative results were obtained in a micronucleus assay in rats treated *in utero* and for 13 weeks within a one‐generation dietary study with pAOS, at a dose corresponding to 7 g/kg bw. Based on these results, the Panel concluded that pAOS are not genotoxic.

In summary, only limited genotoxicity data were available on pectins. Negative results were obtained in a bacterial reversion assay with pectin performed with acceptable standards (Mortelmans and Griffin, [1982](#efs24866-bib-0112){ref-type="ref"}; also reported in Prival et al., [1991](#efs24866-bib-0136){ref-type="ref"}). Negative results, without further details, were also reported in a review by Borzelleca et al. ([1996](#efs24866-bib-0008){ref-type="ref"}), in bacterial reversion assays with sodium and calcium pectates and with bleached sodium pectate; the last was also reported to be negative in a mammalian cell gene mutation test *in vitro*.

No results from validated and adequately reported *in vivo* genotoxicity assays were available. However, bleached sodium pectate was reported to be negative in a micronucleus test in mice and no evidence for DNA‐adduct formation was obtained in colonic mucosa, liver, kidney and lung of rats fed a diet with 7.5% pectin (Zunft et al., [1997](#efs24866-bib-0178){ref-type="ref"}; Goldin‐Lang et al., [1998](#efs24866-bib-0053){ref-type="ref"}).

Negative results were obtained with manufactured pAOS, representative of fermentation products of pectins in the gastrointestinal tract, in a battery of *in vitro* and *in vivo* assays (Garthoff et al., [2010](#efs24866-bib-0048){ref-type="ref"}).

Data on amidated pectin were not available, but considering its chemical structure and its negligible absorption, the Panel considered that there is no concern with respect to genotoxicity for amidated pectin. Overall, the Panel concluded that pectins do not raise concern for genotoxicity.

### 3.5.5. Chronic toxicity and carcinogenicity {#efs24866-sec-0060}

**Rats**

In a chronic study (Cohen et al., [1967](#efs24866-bib-0013){ref-type="ref"}) with citrus pectin, a group of nine male Sprague--Dawley rats was fed for 18 months a basal diet containing 20% pectin (equivalent to 10,000 mg/kg bw per day) and five rats received the basal diet (control). Data on survival were not reported. A 20% reduction of the terminal body weight in the treatment group was observed, compared to control. Water consumption (about 30% increase) and dry weight of faeces (about 40% increase) were altered in treated rats. The increase in relative testes weight was probably related to the reduced body weight. In clinical chemistry, reduced cholesterol levels were measured. The authors reported a pneumonitis in both groups. Therefore, this study is of limited value for risk assessment.

In a chronic study (Palmer et al., 1974; referred to in Borzelleca et al., [1996](#efs24866-bib-0008){ref-type="ref"}), groups of 20 male weanling Wistar rats received for 2 years a diet (Purina laboratory meal) containing 10% α‐cellulose (Alphacel^®^; control group), 10% non‐amidated pectin (no further details about the test item) or 10% amidated pectin (18% amidated, low molecular weight pectin; no further details). A dose of 10% in the diet was equivalent to 5,000 mg/kg bw per day. The diets were made isocaloric by supplementation of the control diet (Alphacel^®^) with dextrose, assuming a caloric equivalent for pectin (0.6187 cal/g). Survival did not vary significantly and body weights for both pectin‐fed groups 'were similar but significantly less than those of the control animals' (no further details). Rats in both treatment groups showed lower food consumption, but a slight increase in food efficiency compared with controls. At necropsy, the relative organ weight of adrenal, heart, kidney, liver and spleen was not changed, but in both treatment groups the relative testis weight was increased, presumably due to reduced body weights. Serum alanine transaminase and aspartate transaminase analysed at sacrifice showed no abnormalities in the pectin‐fed groups. No unusual findings were detected at necropsy. Histopathology of all gross lesions and adrenal, heart, kidney, liver, lung, spleen and testes revealed no compound‐related effects (no complete histopathology). No adverse effects were noted at a dose of 10% non‐amidated or amidated pectin in the diet (equivalent to 5,000 mg/kg bw per day).

In a feeding study (Mosinger, [1974](#efs24866-bib-0113){ref-type="ref"}; cited in JECFA, [1981](#efs24866-bib-0078){ref-type="ref"}) with amidated pectin (degree of amidation: 24.5%; DE: 21%), groups of 20 male and 20 female Wistar rats received a diet containing 0% or 16.6% amidated pectin for 2 years (equivalent to 8,300 mg/kg bw per day). In the control group, nine rats died before termination of the study and 25% of all animals showed *Mycoplasma pneumoniae* infection. In the treated rats, 7/20 animals were infected. In historical controls (n = 4,000) of this laboratory, 58% of all rats had pulmonary mycoplasmosis. The author of the study compared body weight gain and final body weight in treated rats with the historical control data, which gave no differences of toxicological relevance. In histopathology, the incidences of non‐neoplastic and neoplastic lesions in treated rats were comparable to the historical controls. No data are available on other parameters. Due to the *M. pneumoniae* infection, the Panel considered the study not reliable for risk assessment.

The objective of a further chronic feeding study (Industrial‐Biotest, [1979a](#efs24866-bib-0067){ref-type="ref"}--[d](#efs24866-bib-0070){ref-type="ref"}) was also the comparison of biological effects of amidated pectin with non‐amidated pectin. No additional control group was applied. Groups of 50 male and 50 female weanling Charles River strain albino rats were exposed to amidated pectin (88.7% galacturonic acid, degree of amidation: 20.5%, DE: 28.5%) or non‐amidated pectin (high methoxy pectin, 87% galacturonic acid, DE: 62%) at dietary levels of 2% or 5% for 2 years (corresponding to 1 or 2.5 g/kg bw per day). The Panel considered the study not adequate for risk assessment because it lacked a control group.

Overall, a feeding study on chronic toxicity of pectin or amidated pectin in rats with sufficient information was available for evaluation of this endpoint, including data on a concurrent control (Palmer et al., 1974; cited in Borzelleca et al., [1996](#efs24866-bib-0008){ref-type="ref"}). The NOAEL was 10% in the diet, equivalent to 5,000 mg/kg bw per day, the highest dose tested.

**Initiation--promotion studies**

The Panel noted a series of studies which had investigated potential modulating effects of pectin administration on the development of cancer in animal models treated with a number of initiating agents (Bauer et al., [1978](#efs24866-bib-0004){ref-type="ref"}, [1981](#efs24866-bib-0005){ref-type="ref"}; Watanabe et al., [1979](#efs24866-bib-0171){ref-type="ref"}; Freeman et al., [1980](#efs24866-bib-0046){ref-type="ref"}; Goldsworthy et al., [1986](#efs24866-bib-0054){ref-type="ref"}; Jacobs and Lupton, [1986](#efs24866-bib-0074){ref-type="ref"}; Jiang et al., [1996](#efs24866-bib-0086){ref-type="ref"}). The Panel considered the outcome of these studies, which showed either no or inhibitory effects on the development of cancer, not relevant for the risk assessment of pectins as food additives.

### 3.5.6. Reproductive and developmental toxicity {#efs24866-sec-0061}

#### 3.5.6.1. Reproductive toxicity studies {#efs24866-sec-0062}

In a study on reproductive toxicity of amidated pectin (degree of amidation: 24.5%, DE: 21%), groups of five male and five female Wistar rats were fed at a level of 16.6% in the diet (equivalent to 8,300 mg/kg bw per day) for 4 months, followed by mating of one male with five females (Mosinger, [1976](#efs24866-bib-0114){ref-type="ref"}). One set of litters was produced (totally 46 rats, 22 males and 24 females). The growth of the F~1~ generation was normal. All F~1~ pups were examined for external malformations and 10 pups were analysed for further teratogenic effects via macroscopic examination. No abnormalities were found. Further parameters, examined in standard studies on developmental toxicity, were not presented. Data on a concurrent, treated or untreated, control group were not reported. The presence of mycoplasmosis, the low number of animals and the limited data presented in the report prevent the use of the data from this study for risk assessment.

In a three‐generation reproductive toxicity study (Industrial‐Biotest, [1979e](#efs24866-bib-0071){ref-type="ref"}), the effects of amidated pectin were compared with those of non‐amidated pectin. Groups of eight male and 16 female weanling albino rats (no data about strain) were fed a diet containing 2% or 5% amidated pectin (88.7% galacturonic acid, degree of amidation: 20.5%, DE: 28.5%) or 2% or 5% non‐amidated pectin (high‐methoxy pectin, 87% galacturonic acid, DE: 62%), equivalent to 1,000 or 2,500 mg/kg bw per day. No additional control group was added. The Panel considered the study not adequate for risk assessment because it lacked a control group and because no historical data were presented in the report.

**Pectin‐derived acidic oligosaccharides**

In a dietary one‐generation reproductive toxicity study with pAOS in Wistar rats (GLP compliant, according to OECD Guideline 415) (Garthoff et al., [2010](#efs24866-bib-0048){ref-type="ref"}), eight males and 16 females were fed diets containing 0%, 5% and 10% pAOS/kg diet (equal to 3,100 and 6,200 mg/kg bw per day for the F~0~ females during premating and gestation; during the lactation period the intake was doubled). An extra control group receiving 10% scFOS (which mimic the neutral oligosaccharides in human milk) was included in this study. The diets were administered 4 weeks before mating, during mating, gestation, lactation and until weaning. No treatment‐related effects on clinical signs, body weight, body weight gain, feed intake and neurobehavioural observations were shown. Water consumption was increased in the males of all groups and females of the scFOS reference control group. No effects on reproductive or developmental parameters were observed. The Panel considered 6,200 mg/kg bw per day, the highest dose tested, to be the NOAEL of this study.

#### 3.5.6.2. Developmental toxicity studies {#efs24866-sec-0063}

In a prenatal developmental toxicity study (Industrial‐Biotest, [1976](#efs24866-bib-0066){ref-type="ref"}), the effects of amidated pectin were compared to those of non‐amidated pectin. Groups of 17--20 pregnant Charles River albino rats were fed on gestation days (GD) 6--15 a diet containing 2% or 5% amidated pectin (88.7% galacturonic acid, degree of amidation: 20.5%, DE: 28.5%) or 2% or 5% non‐amidated pectin (high‐methoxy pectin, 87% galacturonic acid, DE: 62%), equivalent to 1,000 or 2,500 mg/kg bw per day (see Industrial‐Biotest, [1979a](#efs24866-bib-0067){ref-type="ref"}). No additional control group was added. The Panel considered the study not adequate for risk assessment because it lacked a control group and because no historical data were presented in the report.

Overall, two reproductive toxicity studies and one developmental toxicity study with pectins, considered inadequate for risk assessment, were available. In a dietary one‐generation reproductive toxicity study with pAOS in rats (GLP‐compliant, according to OECD Guideline 415), a NOAEL of 6,200 mg/kg bw per day, the highest dose tested, was identified (Garthoff et al., [2010](#efs24866-bib-0048){ref-type="ref"}).

### 3.5.7. Hypersensitivity, allergenicity and food intolerance {#efs24866-sec-0064}

In three case reports (Kraut et al., [1992](#efs24866-bib-0097){ref-type="ref"}; Cohen et al., [1993](#efs24866-bib-0014){ref-type="ref"}; Jaakkola et al., [1997](#efs24866-bib-0073){ref-type="ref"}), data on occupational asthma caused by pectin inhalation were presented. In a further case report, an atopic woman, occupationally sensitised to pectin, got rhinitis, conjunctivitis and contact urticaria from pectin. The woman developed anaphylaxis after eating cashew nuts. The authors discussed cross‐reacting allergens in cashew nut and pectin (Rasanen et al., [1998](#efs24866-bib-0140){ref-type="ref"}).

Ferdman et al. ([2006](#efs24866-bib-0044){ref-type="ref"}) reported a case of a child with hypersensitivity reaction after ingestion of pectin. The authors considered also this as possibly due to a cross‐reactivity with cashew and pistachio allergens.

Several publications have reported immune‐modulatory effects of acidic oligosaccharides extracted from various foods, including pectin, in animals and humans (Popov and Ovodov, [2013](#efs24866-bib-0133){ref-type="ref"}). This immunomodulation tended to enhance Th1‐related and suppress Th2‐related parameters (Vos et al., [2007](#efs24866-bib-0170){ref-type="ref"}; Eiwegger et al., [2010](#efs24866-bib-0041){ref-type="ref"}). In this context, dietary pectin was expected to alleviate type 1 allergy reaction possibly leading to prevention of atopic dermatitis, food allergy, and allergic asthma (Lim et al., [2002](#efs24866-bib-0099){ref-type="ref"}; Kerperien et al., [2014](#efs24866-bib-0090){ref-type="ref"}; Hogenkamp et al., [2015](#efs24866-bib-0061){ref-type="ref"}). It is hypothesised that the immune‐modulating effects of these oligosaccharides may be assisted via alteration of the intestinal microbiota or in a microbiota‐independent manner by direct interaction on immune cells, or both (Fanaro et al., [2005](#efs24866-bib-0042){ref-type="ref"}; Jeurink et al., [2013](#efs24866-bib-0085){ref-type="ref"}). However, the Panel noted that there is no indication that these effects were associated with pectin extracts that complied with the specifications of the food additives E 440i and E 440ii.

Overall, in view of the available data, the Panel considered that there is no indication that the reported immune‐modulatory properties of pectin may lead to an adverse response, the data being rather indicative of an effect which would limit the hypersensitivity response. Therefore, the Panel did not consider the food additives pectin (E 440i) and amidated pectin (E 440ii) as having an allergenic potential.

### 3.5.8. Other studies {#efs24866-sec-0065}

#### 3.5.8.1. Animal studies {#efs24866-sec-0066}

Five groups of pigs (n = 10, body weight 8.6 ± 1.4 kg, 4 weeks of age) were fed a low‐fibre (LF) (raw wheat and barley flour), mid‐fibre (MFH) and high‐fibre (HFH) diets by adding barley hulls, or mid‐ (MFP) and high‐ (HFP) fibre diets containing pectin (Genu pectin type B, 75% methylation) for 9 days (Hedemann et al., [2006](#efs24866-bib-0058){ref-type="ref"}). The pectin diets contained 71 g/kg pectin; the HFP diet contained, in addition, 96 g/kg barley hulls. After 9 days, the animals were sacrificed and the entire gastrointestinal tract was removed. The feed intake in the pectin‐fed groups was decreased. The mucosal‐enzyme activity was affected by the fibre content of the diets in the MFH, MFP, HFH and HFP diet groups. The villi and the crypts were shorter in the pectin groups, but the villous height/crypt ratio was unaltered. The area of mucins in the crypts was decreased, suggesting that pigs fed pectin‐containing diets are more susceptible to pathogenic bacteria.

**Special studies in young animals**

The safety of pectin (high‐ester pectin extracted from citrus peel and standardised by the addition of sucrose) in a milk replacer was tested in pre‐weaning farm piglets (Yorkshire‐bred, age 2 days) (MPI, [2013](#efs24866-bib-0116){ref-type="ref"}; as referred to in JECFA, [2015](#efs24866-bib-0081){ref-type="ref"}). The milk replacer containing 0, 0.5, 3.0 or 10 g/L was given 6 times per day to groups of six males and six female piglets, at a dose volume of 500 mL/kg bw (equal to 0, 142, 847 or 3,013 mg/kg bw per day for males and 0, 114, 870 or 3,094 mg/kg bw per day for females, respectively) for 3 weeks. These doses were recalculated based on measured concentrations of pectin instead of target concentrations (doses equal to 0, 131, 1,049 or 4,015 mg/kg bw per day for males and 0, 130, 1,088 or 4,123 mg/kg bw per day for females) (JECFA, [2016c](#efs24866-bib-0084){ref-type="ref"}). No treatment‐related clinical signs were observed. At day 21 of the study, the body weight of the males of the high‐dose group was decreased (19.3%) when compared to the control. This decrease was accompanied by a decrease in feed intake of 30%. Feed efficiency was decreased in the high‐dose group. In females of this group, a slightly decreased body weight gain was observed from day 15 onwards. No effects were observed on body weight and food intake in the low‐ and mid‐dose groups. At necropsy, caecum and colon weights were increased in the mid‐ and high‐dose groups. Furthermore, there was a decrease in pH level of the caecum and colon contents, which may be related to the production of SCFA by endogenous microbiota. There were no histopathological effects observed in the intestinal tract, apart from a slight increase of subacute inflammation in the high‐dose group. No differences in blood cytokines were observed. According to the authors, the NOAEL for this study was the mid‐dose, 1,049 mg/kg bw per day. Based on the data available, the Panel considered that this conclusion appeared appropriate.

A new study in neonatal pigs (6/sex per group) administered pectin in milk replacer as their sole source of nutrition for 3 weeks at a target concentration of 0.2% or 1% (equal to 704 and 4,461 mg/kg bw per day, respectively, for males and females combined) was referred to in JECFA (Dilger, [2015](#efs24866-bib-0021){ref-type="ref"}; cited in JECFA, [2016c](#efs24866-bib-0084){ref-type="ref"}). Consumption of milk replacer and growth were significantly reduced in the 1% pectin group. The NOAEL for this new study was 0.2% pectin, however the NOAEL of the older study (0.3%) was still considered to be relevant. JECFA (2016) concluded that the reduced milk replacer consumption observed in both studies at a dose level of 1% pectin in milk replacer was likely due to delayed gastric emptying and/or prolonged gut transit resulting from consumption of the highly viscous 1% pectin diet. The data available from this study were not sufficient for the Panel to confirm the conclusion of JECFA.

#### 3.5.8.2. Observations in humans {#efs24866-sec-0067}

Contraindications, warnings and undesirable effects for pectin as excipient are not known in dosages used.

A decline in serum cholesterol (approx. 5%) after repeated ingestion of pectin was shown after daily intake of 15 g pectin (pure citrus pectin, National Formulary; source: Sunkist Growers) incorporated in special biscuits, in studies with healthy, middle‐aged, male volunteers (no further details) under controlled conditions in a metabolic unit (Keys et al., [1961](#efs24866-bib-0092){ref-type="ref"}). Data on clinical symptoms after repeated ingestion of pectin were not reported.

In a clinical study (Durrington et al., [1976](#efs24866-bib-0025){ref-type="ref"}), 12 healthy men (22--45 years old, mean 25 years; no medication) ingested daily 12 g of powdered pectin (source: Bulmer Ltd., no further data) for 3 weeks. No subjective symptoms were reported. A small, but statistically significant, decrease in total serum cholesterol (approx. 8%) was shown after oral exposure to pectin.

Mild clinical signs after ingestion of large doses of pectin after daily intake of 36 g pectin given in separate doses for 6 weeks (National Formulary; pure high methoxy pectin; source: Bulmers Ltd.) were reported in a study on the digestion of pectin in the human gut (Cummings et al., [1979](#efs24866-bib-0018){ref-type="ref"}). The dose corresponded to about 515 mg/kg bw per day. The five male healthy volunteers reported no subjective symptoms, except a feeling of abdominal distension associated with a considerable increase in flatus production. The calcium balance remained unchanged. Stool frequency and mean transit time (measured by markers) were unchanged by pectin administration.

The effects of intake of 6 g pectin (high‐methoxyl undiluted citrus pectin) per day for 24 days was studied in 12 healthy male and female adults (age 23--60 years) (Spiller et al., [1980](#efs24866-bib-0156){ref-type="ref"}). The subjects were chosen on the basis of slow intestinal transit time and low faecal output when consuming their normal diets. Faecal weight, stool pH and transit time were comparable to the placebo group. In the pectin group, an increase in the volatile fatty acids (SCFA) was observed.

After intake of 12 g pectin per day for 4 weeks by two males (age 21 years) and eight females (age 26--42 years), the effects on stool pH, transit time and stool weight were measured (Hillman et al., [1983](#efs24866-bib-0060){ref-type="ref"}). Because of the gelling properties of pectin, the subjects had great difficulty in taking the full amount of pectin. Side effects described in females were laxative effect (n = 1), constipation (n = 2), nausea (n = 1) and heartburn (n = 1). No effects on stool pH, stool transit time or stool weight were reported.

To evaluate the effect of oral administration of pectin on the gastric emptying rates and the blood glucose levels, a double‐blind, randomised cross‐over study was conducted in volunteers (Iftikhar et al., [1994](#efs24866-bib-0065){ref-type="ref"}). No effects on blood glucose levels were reported. The authors concluded that a dose of 2 g pectin can significantly delay the rate at which the terminal phase of a meal is emptied from the stomach.

The effects of dietary pectin (18 g/day; high‐methoxyl pectin, source: Bulmers Ltd.; no further details) on human faecal microflora were investigated in a clinical study (Mallett et al., [1987](#efs24866-bib-0103){ref-type="ref"}). The total number of bacteria per gram faeces was significantly reduced, but the ammonia per g faeces, as well as the endogenous ammonia production (increased enzyme activity) were significantly increased by the pectin treatment. The activity of bacterial β‐glucosidase and β‐glucuronidase was significantly decreased. In conclusion, the enzymatic activity of the large intestine microflora was altered after daily ingestion of 18 g pectin for 3 weeks (260 mg/kg bw per day, assuming a body weight of 70 kg). Data on clinical signs of toxicity were not reported.

Overall, a slight but significant decline (5--8% reduction) in serum cholesterol after repeated ingestion of pectin was shown in clinical studies after daily ingestion of 12 g (Durrington et al., [1976](#efs24866-bib-0025){ref-type="ref"}) or 15 g pectin (Keys et al., [1961](#efs24866-bib-0092){ref-type="ref"}). A single oral dose of 2 g pectin can significantly delay the rate at which the terminal phase of a meal is emptied from the stomach (Iftikhar et al., [1994](#efs24866-bib-0065){ref-type="ref"}). In a clinical study, the enzymatic activity of the large intestine microflora was altered after daily ingestion of 18 g pectin (Mallett et al., [1987](#efs24866-bib-0103){ref-type="ref"}). In a study with pectin (Cummings et al., [1979](#efs24866-bib-0018){ref-type="ref"}), the volunteers reported no subjective symptoms, except a feeling of abdominal distension associated with a considerable increase in flatus production, at a dose level of 515 mg pectin/kg bw per day. In other studies, 6 g or 12 g pectin for 24 days did not affect faecal weight, stool pH and transit time and the adverse effects were minimal (Spiller et al., [1980](#efs24866-bib-0156){ref-type="ref"}; Hillman et al., [1983](#efs24866-bib-0060){ref-type="ref"}).

**Studies in infants**

In a multicenter, third‐party‐blinded, randomised‐controlled, prospective study, preterm infants (n = 74) were fed human milk with a pectin‐containing liquid milk fortifier (0.085% pectin) or human milk fortified with a control fortifier (n = 72) (Moya et al., [2012](#efs24866-bib-0115){ref-type="ref"}). The infants fed pectin‐containing milk achieved a higher linear growth rate, and greater increase in weight, length and head circumference.

Furthermore, in a prospective, multicentre, double‐blind randomised control trial (Dupont et al., [2014](#efs24866-bib-0023){ref-type="ref"}, [2015](#efs24866-bib-0024){ref-type="ref"}), the addition of pectin (0.5 g/100 mL) to amino‐acid based formulae (thickened amino‐acid‐based formula (TAAF)) for children (n = 75) allergic to cow\'s milk and intolerant to extensively hydrolysed milk proteins, was studied. A commercially available 'reference' amino‐acid based formula (RAAF) served as a reference. Infants and young children were \< 18 month of age. The children were fed for 3 months TAAF or RAAF. Thereafter, all infants were fed TAAF for 3 months. The study was including a safety evaluation. Anthropometric data were carefully scored. Parameters included paediatric assessments and monitoring of cutaneous, respiratory and digestive symptoms (regurgitations, vomiting, stool consistency). In the TAAF group, two adverse events occurred: one case of oesophagitis and one case of gastroenteritis. No differences in growth parameters between the two groups were observed. TAAF reduced the Scoring Atopic Dermatitis Index and the number of infants with skin dryness. In addition, TAAF improved stool consistency, gave less irritability signs and better night‐sleep quality in more infants. The authors concluded that the pectin‐containing formula was well tolerated and ensured appropriate growth.

The effects of 4 g pectin/kg bw per day on intestinal permeability were studied in 57 boys (5--12 months) with persistent diarrhoea (≥ 14 days) (Rabbani et al., [2004](#efs24866-bib-0138){ref-type="ref"}). Children were given a rice‐based diet containing pectin (n = 17) or rice diet alone (n = 21) for a week. Intestinal permeability was assessed before and after treatment. Treatment with pectins significantly (p \< 0.05) reduced lactulose recovery, increased mannitol recovery and decreased the lactulose/mannitol ratio, indicating improvement of permeability. Permeability changes were associated with a 50% reduction in stool weights.

##### [**Studies with pectin‐derived acidic oligosaccharides**]{.ul} {#efs24866-sec-0068}

In a double‐blind, placebo‐controlled, randomised intervention trial, 82 healthy, full‐term infants (age 1 week to 3 months) were given whey‐based formula (control group, n = 23), whey‐based formula with galacto‐ and long‐chain fructo‐oligosaccharides (scGOS/IcFOs group, n = 25) or the last formula with pectin‐derived acidic oligosaccharides (scGOS/IcFOs/pAOS group, n = 24) (Magne et al., [2008](#efs24866-bib-0102){ref-type="ref"}). The groups were partially breastfed and the pAOS group consumed at least 300 mL per day containing 0.2% pAOS (equal to 240 mg/kg bw per day). No adverse effects were noted.

Piemontese et al. ([2011](#efs24866-bib-0131){ref-type="ref"}), studied the effects of addition of pAOS (1,200 mg/L) in the diet of healthy infants (age 20--42 days) in a multicentre, randomised, double‐blind, placebo‐controlled trial. A group of 300 infants was fully breastfed. The formula‐fed infants were randomised in a group receiving regular formula with a mixture of neutral oligosaccharides (n = 416), and a group receiving regular formula with pAOS (n = 414). No differences were reported in growth, gastrointestinal tolerance and stool frequency between infants fed the pAOS formula and infants fed the control formula; stool consistency was softer in infants fed the pAOS formula, but more similar to that of the breastfed infants.

Overall, no adverse effects were noted in the four studies in infants with infant formulae containing pectin (Moya et al., [2012](#efs24866-bib-0115){ref-type="ref"}; Dupont et al., [2014](#efs24866-bib-0023){ref-type="ref"}, [2015](#efs24866-bib-0024){ref-type="ref"}) and pAOS (Magne et al., [2008](#efs24866-bib-0102){ref-type="ref"}; Piemontese et al., [2011](#efs24866-bib-0131){ref-type="ref"}). Pectin (4 g/kg bw per day) improved the permeability of the small intestine in young infant boys (5--12 months) with persistent diarrhoea (Rabbani et al., [2004](#efs24866-bib-0138){ref-type="ref"}).

3.6. Discussion {#efs24866-sec-0069}
---------------

Pectin (E 440i) consists of the partial methyl esters of polygalacturonic acid, while amidated pectin (E 440ii) consists of both partial methyl esters and amides of polygalacturonic acid. Neutral sugars are covalently linked as side‐chains to the rhamnogalacturonan via the C3 of galacturonosyl and/or the C4 of the rhamnosyl residues. Side‐chain sugars are mainly galactose and arabinose, forming galactan, arabinan and arabinogalactan. The Panel noted that there is a large structural variation within the arabinogalactans.

The Panel considered that, as a result of the pectin manufacturing process, inactivated enzymes could be present in trace amounts in the product together with other proteins (0--5%) from the raw materials.

Pectins can be applied together with other hydrocolloids to modify the physicochemical properties and texture for certain food applications. The combination with alginates results in the formation of firm gels. The combination with gelatine in confectionery products reduces the viscosity and makes the texture more elastic and brittle. The interaction with agar‐agar produces a viscous texture in aerated confectionery products. Pectins can also interact with starch, guar, locust bean gum, oxidised starch, potato maltodextrin and gum arabic, leading to different gel properties and to improved product characteristics, as the interaction with guar gum in partially baked frozen bread that improves some quality parameters as crumb cohesiveness.

The Panel noted that according to EU specifications for pectin (E 440i) and amidated pectin (E 440ii), impurities of the toxic elements arsenic, lead, mercury and cadmium are accepted up to concentrations of 3, 5, 1 and 1 mg/kg, respectively. Contamination at such levels could have a significant impact on exposure to these metals, for which the exposure is already close to the health‐based guidance values or benchmark doses (lower confidence limits) established by EFSA.

The Panel noted that the limit for lead in pectin (E 440i) and amidated pectin (E 440ii) was the same (5 mg/kg) according to EU Commission Regulation No 231/2012 and JECFA ([2009](#efs24866-bib-0200){ref-type="ref"}). However, it was reviewed by JECFA in 2016, and the limit for general use was lowered from 5 to 2 mg/kg and to 0.5 mg/kg for use in infant foods. However, the Panel noted that the EU regulatory limits have not been updated.

Data on *in vitro* degradation of pectins and amidated pectins indicated that their digestibility was low in the upper parts of the digestive tract, but they would be fermented during their passage through the large intestine. These *in vitro* data are in agreement with *in vivo* studies demonstrating the absence of degradation of pectins in germ‐free rats by comparison to conventional animals. As demonstrated in ileostomy patients, the main end products of this colonic anaerobic digestive process are SCFA, such as acetic, propionic and butyric acids, which are absorbed from the colon and considered of no safety concern by the Panel. These data indicated that pectins and amidated pectins would not be absorbed intact but extensively fermented by intestinal microbiota in animals and humans.

As products formed from pectins in the gastrointestinal tract are similar to manufactured pAOS, JECFA ([2015](#efs24866-bib-0081){ref-type="ref"}) concluded that studies using pAOS were relevant for the evaluation of pectins in infant formulae. The Panel agreed with this conclusion.

The acute oral toxicity of pectin is low. Data on amidated pectin were not available, but a low acute oral toxicity is expected based on the structural similarity to pectin.

In subchronic studies, after oral exposure (in the diet or drinking water) to non‐amidated and/or amidated pectins, the NOAEL ranged from 3,366 mg/kg bw per day (Takagi et al., [1997](#efs24866-bib-0160){ref-type="ref"}) to 13,500 mg/kg bw per day (Til et al., [1972](#efs24866-bib-0163){ref-type="ref"}). In subchronic studies with pAOS in the diet, the NOAEL ranged from 1,700 to 3,400 mg/kg bw per day (Garthoff et al., [2010](#efs24866-bib-0048){ref-type="ref"}).

Although the available data were limited, there was no indication of genotoxicity for pectins. This conclusion was also supported by the negative results obtained with manufactured pAOS (Garthoff et al., [2010](#efs24866-bib-0048){ref-type="ref"}). Data on amidated pectin were not available, but considering its chemical structure and its negligible absorption, the Panel considered that there is no concern with respect to genotoxicity for amidated pectin.

A feeding study on chronic toxicity of pectin or amidated pectin in rats was available with sufficient information for the evaluation of this endpoint, including data on a concurrent control (Palmer et al., 1974; cited in Borzelleca et al., [1996](#efs24866-bib-0008){ref-type="ref"}). The NOAEL was 10% in the diet, equivalent to 5,000 mg/kg bw per day.

Two reproductive toxicity studies and one developmental toxicity study with pectins, considered inadequate for risk assessment, were available. In a dietary one‐generation reproductive toxicity study with pAOS in rats (GLP‐compliant, according to OECD Guideline 415), a NOAEL of 6,200 mg/kg bw per day, the highest dose tested, was identified (Garthoff et al., [2010](#efs24866-bib-0048){ref-type="ref"}).

The Panel considered that there was no indication that the reported immune‐modulatory properties of pectin may lead to an adverse response, the data being rather indicative of an effect which would limit the hypersensitivity response. Therefore, the Panel did not consider the food additives pectin (E 440i) and amidated pectin (E 440ii) as having an allergenic potential.

In human volunteers, a slight but significant decline in serum cholesterol after repeated ingestion of pectins was shown in clinical studies, after daily ingestion of 12,000 mg (Durrington et al., [1976](#efs24866-bib-0025){ref-type="ref"}) or 15,000 mg pectins (Keys et al., [1961](#efs24866-bib-0092){ref-type="ref"}). A single oral dose of 2,000 mg pectins can significantly delay the rate at which the terminal phase of a meal is emptied from the stomach (Iftikhar et al., [1994](#efs24866-bib-0065){ref-type="ref"}). In a clinical study, the enzymatic activity of the large intestine microbiota was altered after daily ingestion of 18,000 mg pectins (Mallett et al., [1987](#efs24866-bib-0103){ref-type="ref"}). In a study with pectins (Cummings et al., [1979](#efs24866-bib-0018){ref-type="ref"}), the volunteers reported no subjective symptoms, except a feeling of abdominal distension associated with a considerable increase in flatus production, at a dose level of 36,000 mg per day (equivalent to 515 mg/kg bw per day). In other studies, 6,000 mg or 12,000 mg (equivalent to 86 mg/kg bw per day and 172 mg/kg bw per day, respectively) pectin for 24 days did not affect faecal weight, stool pH and transit time and the adverse effects were minimal (Spiller et al., [1980](#efs24866-bib-0156){ref-type="ref"}; Hillman et al., [1983](#efs24866-bib-0060){ref-type="ref"}).

No adverse effects were noted in the four studies in infants with infant formulae containing pectins (Moya et al., [2012](#efs24866-bib-0115){ref-type="ref"}; Dupont et al., [2014](#efs24866-bib-0023){ref-type="ref"}, [2015](#efs24866-bib-0024){ref-type="ref"}) and pAOS (Magne et al., [2008](#efs24866-bib-0102){ref-type="ref"}; Piemontese et al., [2011](#efs24866-bib-0131){ref-type="ref"}). Pectin (4 g/kg bw per day) improved the permeability of the small intestine in young infant boys (5--12 months) with persistent diarrhoea (Rabbani et al., [2004](#efs24866-bib-0138){ref-type="ref"}). In the study of Dupont et al. ([2014](#efs24866-bib-0023){ref-type="ref"}, [2015](#efs24866-bib-0024){ref-type="ref"}) in infants and young children (\< 18 months of age), receiving a formula containing 0.5% pectin for 3 months, safety and anthropometric parameters were carefully evaluated and no relevant adverse effects were observed.

The Panel noted that infants and young children (up to 3 years) consuming FSMP may be exposed to a greater extend to pectins (E 440) than their healthy counterparts, because the permitted levels of pectins (E 440) in formulae for special medical purposes are twofold higher than in formulae for healthy individuals. The Panel further noted that, given their medical condition, infants and young children consuming foods belonging to these food categories may show a different susceptibility, compared to their healthy counterparts, to the gastrointestinal effects of pectins and of other compounds having similar physicochemical properties. No sufficient data with formulae containing pectin at the MPL of 1% for this relevant population group are available. Thus, monitoring of any side effects, including those in the gastrointestinal system, in infants and young children consuming these foods under medical supervision, could be helpful to reduce this uncertainty.

The safety of pectin (high‐ester pectin extracted from citrus peel and standardised by the addition of sucrose) in a milk replacer was tested in neonatal pigs (Yorkshire‐bred, age 2 days) (MPI, [2013](#efs24866-bib-0116){ref-type="ref"}; as referred to in JECFA, [2016c](#efs24866-bib-0084){ref-type="ref"}). The NOAEL for this study was 1,049 mg/kg bw per day (JECFA, [2016c](#efs24866-bib-0084){ref-type="ref"}). Based on the data available, the Panel considered that this conclusion appeared appropriate. JECFA (2016) concluded from the data of a new piglet study that the reduced milk replacer consumption observed in both studies at a dose level of 1% pectin in milk replacer was likely due to delayed gastric emptying and/or prolonged gut transit resulting from consumption of the highly viscous 1% pectin diet. The data available from this study were not sufficient for the Panel to confirm the conclusion of JECFA.

In the safety evaluation by JECFA ([2016c](#efs24866-bib-0084){ref-type="ref"}), the Committee concluded that at the new maximum proposed use level of 0.2% pectin in infant formula, the estimated exposure of infants aged 0--12 weeks would be up to 360 and 440 mg pectin/kg bw per day at mean and high consumption. The Panel noted that, according to the EU regulation, pectins are not authorised in infant formulae (FC 13.1.1).

To assess the dietary exposure to pectins (E 440) from their use as food additives, the exposure was calculated based on (1) maximum use levels provided to EFSA (defined as the maximum level exposure assessment scenario), and (2) reported use levels or analytical data (defined as the refined exposure assessment scenario, brand‐loyal and non‐brand‐loyal).

Pectins (E 440) are authorised in a wide range of foods. The Panel did identify brand loyalty to specific food categories in toddlers (e.g. flavoured fermented milk products and flavoured drinks). Further, the Panel considered that the non‐brand‐loyal scenario covering other population groups was the most appropriate and realistic scenario for risk characterisation, because it is assumed that the population would probably be exposed long‐term to the food additive present at the mean reported use level in processed food.

A maximum estimated exposure assessment scenario taking into account the FSMP for infants and young children (FC 13.5.1. Dietary foods for infants for special medical purposes and special formulae for infants and FC 13.1.5.2 Dietary foods for babies and young children for special medical purposes as defined by Commission Directive 1999/21/EC) was also performed using food additive producers data to estimate exposure for infants and toddlers who may be on a specific diet. This exposure scenario considered products belonging to food categories 13.1.2, 13.1.3 and 13.1.4, excluding FC 13.1.1 (infant formulae), where pectins (E 440), according to EU regulation, are not authorised. Considering that this diet is required due to specific needs, it is assumed that consumers are loyal to the food brand, therefore only the maximum brand‐loyal estimated exposure scenario was performed.

A refined estimated exposure assessment scenario taking into account the consumption of food supplements was also performed to estimate exposure for children, adolescents, adults and the elderly, for consumers only, as exposure via food supplements may deviate largely from that via food, and the number of food supplement consumers may be low depending on the population and survey.

The refined estimates were based on 23 out of 81 food categories in which pectins (E 440) are authorised. Overall, the Panel considered that the uncertainties identified would, in general, result in an overestimation of the real exposure to pectins (E 440) as food additives in European countries for the maximum level exposure scenario and for the refined exposure assessment scenarios, when considering only food additive uses for which data have been provided.

However, the Panel noted that, given the information from the Mintel GNPD, it may be assumed that pectins (E 440) are used in several food categories (n = 9) for which no data have been provided by food industry. The Panel noted that out of these nine food categories, fruit juices and fruit nectars are products highly consumed. If this would be confirmed, it would therefore result in an underestimation of the exposure.

A possible additional exposure to pectins (E 440) from their use directly by the consumer (adding pectins to thicken foods, e.g. jams, marmalades) and from their use as food additives authorised in accordance with Annex III to Regulation (EC) No 1333/2008, were not considered in any of the above exposure assessment scenarios.

The Panel also noted that the refined exposure estimates were based on information reported on the use levels of pectins (E 440) by food industry. If actual practices change, these refined estimates may no longer be representative and should be updated.

4. Conclusions {#efs24866-sec-0070}
==============

**General population**

Following the conceptual framework for the risk assessment of certain food additives re‐evaluated under Commission Regulation (EU) No 257/2010 (EFSA, 2014), and given that: the data received for the 23 food categories were adequate for a combined exposure assessment for these categories;based on these reported use levels, a refined exposure of up to 442 mg/kg bw per day for toddlers in these categories (brand‐loyal scenario) was estimated;pectin and amidated pectin are not absorbed intact, but extensively fermented by intestinal microbiota in animals and humans;adequate toxicity data were available;in oral subchronic studies with pectins in rats, no adverse effects were observed at doses ranging from 3,366 mg/kg bw per day to 13,500 mg/kg bw per day, the highest doses tested. In subchronic studies with pAOS in the diet in rats, a NOAEL of 1,700 mg/kg bw per day was identified;no effects on body weight and food intake were observed in male neonatal pigs exposed to 0.3% pectin in formula (equal to 1,049 mg pectin/kg bw per day) for 28 days, while in the same study, such effects were observed at 1% pectin in formula (equal to 4,015 mg pectin/kg bw per day);no adverse effects were reported in a chronic study in rats at up to 5,000 mg pectin/kg bw per day, the highest dose tested;there is no concern with respect to genotoxicity for pectin and amidated pectin;a daily dose of 36,000 mg pectin (equivalent to 515 mg/kg bw per day) for 6 weeks in humans was associated with abdominal distension and increasing flatus in some individuals, effects which were considered by the Panel as undesirable, but not adverse,

the Panel concluded that there is no need for a numerical ADI for pectin (E 440i) and amidated pectin (E 440ii) and that there is no safety concern for the general population at the refined exposure assessment for the reported uses and use levels of pectins (E 440) as food additives.

**Infants and young children consuming foods for special medical purposes and special formulae**

Concerning the use of pectins (E 440) in 'dietary foods for special medical purposes and special formulae for infants' (FC 13.1.5.1) and in 'dietary foods for babies and young children for special medical purposes as defined in Directive 1999/21/EC' (FC 13.1.5.2), and given that: for populations consuming foods for special medical purposes and special formulae, the 95th percentile of maximum exposure assessments calculated based on the maximum reported data from food additive producers was up to 1,349 mg/kg bw per day for infants;infants and young children consuming these foods may be exposed to a greater extent to pectins (E 440) than their healthy counterparts because the permitted levels of pectins (E 440) in formulae for special medical purposes are twofold higher (1%) than in formulae for healthy individuals;infants and young children consuming foods belonging to these food categories may show a higher susceptibility to the gastrointestinal effects of pectins than their healthy counterparts due to their underlying medical condition;no effects on body weight and food intake were observed in male neonatal pigs exposed to 0.3% pectin in formula (equal to 1,049 mg pectin/kg bw per day) for 28 days, while in the same study, such effects were observed at 1% pectin in formula (equal to 4,015 mg pectin/kg bw per day);in infants and young children (\< 18 months of age), a formula containing 0.5% pectin (E 440) given for 3 months was well tolerated without adverse effects;no human studies investigating the adverse effects of formulae containing pectins (E 440) at the MPL of 1% for the relevant age group were available,

the Panel concluded that the available data do not allow for an adequate assessment of the safety of use of pectins (E 440) in infants and young children consuming these FSMP at the presently authorised maximum use levels of 1%.

5. Recommendations {#efs24866-sec-0071}
==================

The Panel recommended that: the European Commission considers lowering the maximum limits for the impurities of toxic elements arsenic, lead, mercury and cadmium in the EU specifications for pectin (E 440i) and amidated pectin (E 440ii) in order to ensure that pectin (E 440i) and amidated pectin (E 440ii) as food additives will not be a significant source of exposure to those toxic elements in food; special requirements might be defined in the specifications for pectin (E 440i) and amidated pectin (E 440ii) to be used in formulae or food for infants, toddlers and other young children;limits for aluminium should be considered for inclusion in the EU specifications, as aluminium can be used in the manufacturing process;the European Commission considers harmonising the microbiological specifications for polysaccharidic thickening agents, such as pectins, and including criteria for the absence of *Salmonella* spp. and *Escherichia coli*, for TAMC and for TYMC in the EU specifications for pectin (E 440i) and amidated pectin (E 440ii);additional clinical data should be generated to assess the safety of pectins (E 440) when used in 'dietary foods for special medical purposes and special formulae for infants' (FC 13.1.5.1) and in 'dietary foods for babies and young children for special medical purposes as defined in Directive 1999/21/EC' (FC 13.1.5.2);due to the discrepancies observed between the data reported from industry and the Mintel database, where pectins are labelled in more products than in food categories for which data were reported from industry, the Panel recommended collection of data on usage and use levels of pectins (E 440) in order to perform a more realistic exposure assessment.
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